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MVUE SET DESCRIPTION

I
1.0 INTRODUCTION

This section of the Te tas Instruments MVUE Final Report as

I cal led out in C o n t r a c t  Data Requirements List (CDRL )

I sequence number A003 on contract F04701—75—C —0181 describes

the design of the MVUE set as implemented in Phase I of the

I Navstar Global Positioning Syste m (OPS) Histo~~icall y

sophisticated equipment was de s i g n e d  and fabricated to meet

I its s p e c i f i c  requirements A l t h o u g h such an appr oach may be

simplest to undertake . it p r o v i d e s  onl y minimum production

advantages to each user a p p l i c a t i o n  L i f e —  c y c l e  cost and

I risk for each configurat ion are t y p i c a l l y  hi gh In an

attemp t to offset some of these d i sadvantages there a s an

I i n c l i n a t i o n  toward the d e v e l o p m e n t  of thre , or f o u r  standard

s y s t e m  c o n f i gu r a t i o n s.  one of w h i c h  may be selected for a

specif ic user ap p l i c a t i o n  Such an approach does afford

I some advan tages  as a result of th. potential increase in

production of e a c h  conf ig urat ion . but in most c a s e s  it w i l l

I result i n  c ompromise of performance and ph ys i c a l

c h a r a c t e r i s t i c s

1 A more effe c t i v ~ approach f o r  a c h i e v i n g  u t i l i t y  and

I a ffordab i lit y can present perhaps the more d i f f i c u l t  initial

desi gn and developmen t issues This approach requires

I establishing user equipment c omm onality , not at the system

PAGE 1
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I
l e v e l,  b u t  a t  the subsystem level so that sim ilar functions

in different user configurations can be isolated and

generalized to use ide ntical c i rcu i ts or subroutines These

building blocks or c ommon modules can be used to sat1s~ g

every user equipme nt requirement and consequent ly . prov ide

the matimu. production volume advantage Because of t h e

f l e a i b i l i t y  and commonalit y established at this level.

performance and physical characteristics are n o t  c ompromised

for specific user requirements Component technology

improvements can be incorporated with minimum perturbations

to other functional elements Th. results is an approach

that permits the concentration of efforts in subsequent

development phases to be aimed toward product and cost

improvements that  are ~en .ficial to all users and not

encumbered w i t h  t he d z f f i c u l t i es  of the s l i g ht ’  variations

of system characte ristic s and performance that often result

in major system level i n c o m p a t i b i l i t i e s ,  forcing the

evolution toward uniqueness . rework or redesign

The de sign of c o m m o n  modules must be preceded b y a

careful definition of  the f u n c t i o n s  to  be performed by each

module This definition is evolved t h r o u g h  an i t e r a t i v e

elevation process centered u p o n  variables such as OPS

equipment functions to be performed . current and projected

c omponent technology. performance. ph ysical characterist ics.

and cost Basically , this process follows the general steps

listed below (illustrated in Figure 1—1 and 1—2 )

1. Definition of functions to be per formed by OPS

PAGE 2
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I user equipment

1 2 Separation of these f unc t i ons  into two ca tagor i .s .

— Those sensitive to applications and

I — Those not sensitive

3 Subdivision of applicatio n— i nsensitive functions

into e l e m e n t s  g rou ped  to p r o v id e  maximum commona l i t y

over the span of id e n t i f i e d  user requirements

1 4 Design of c ommon modules that prov ide the

performance required of these elements

The design of each c ommon module was guided by imposing

1 constraints defined by the requirements containing the worst

I~ 
case condition a p p l i c a b l e  to the module For  e zamp le. the

design requirement for size . we igh t. and power may be driven

I by a man—portable requirement w h i l e  performance and

I 
environmental constraints may be driven b y missile or

satellat. requirement s In addit ion. other constraints and

I controls were .atablisb .d that quided the common module

design to cost efforts

I The system concept and design resultin g from this

effort perm it maximum comm onal ity between various system

I des i gns through the use of different quantities of c ommon

m o d u les t o  s a t i s fy specif ic performance requirements Also.

because of the funct ional nature of modu les . improvements to

I accommodate performance requirements were incorporated with

— minimu , impact.
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2 0 MVUE SY8TEM LEVEL DESCRIPTION

2 1 SYSTEM OVERVIEW

The tsanpack /V~ h icut a i User Equ ipment (MVUE) is the

I appropriate combination of hardware and software that is

I 
required to receive and proc .ss the a v a i l a b l e  navigation

signals into useabi . navi g at i o r data in accordance with the

I 

Prim. It.. Product S p e c i f i c a t i o n  for the Global Position ing

System M a n p a c k /V e h i c u l a r  Position ing and Navigation Set.

I CID—ADUE—IOIA . 3 June l~~75 A fun ctional b l o c k  diagram of

the MVI..~ system is shown in Figure 2 1— 1 The heart of the

system is a s i n g l e  c h a n n e l  QPS receiver and a TI 9900

m i c r o p r o c e s s o r  c o n f i g u r e d  w i t h  48W of memor y organized into

• SW. root and two I6~ pag e s A p i c t o r i a l  representat ion  of

I th e P~~JE components i n c l u d e d  when the system as installed in

a v e h i c l e  is shown in F i g u ~~. .2 1—  The MVUE in a manpack

I c o n f i g u r a t i o n  is  shown in F i g u r e  2 1—3 The configuration of

th . system modules w i t h i n  the MVUE encas em .nt a s shown in

I Figure  2 1—4

The p r i m ary funct ions of the MVUE ar e

• Select and a c q u i r e  OPS transmitter signals

b Process QPS tra n s m i t t e r  s i g n a l s  and estimate MVUE

I 
user ’s po s i t i o n  and t a me with an accuracy as s p e c i f i e d  in

CID- -ADIX-IO1A

I c Provide interf ace wit h user through a Control

D i s p l a y  Unit (CDI)). 1.~I,JU1f1I~iU on c ommand the user ’s

PAGE 6
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I
pos ition. tame . range and bearing to a rendezvous po int , and

other system outputs spe cified in CID-ADUE --IOIA

d Provide for operation in manpack configurat ion with

I battery power or mounted in a vehicle and powered by vehicle

powir source

I The detailed system specifications and required

physical characteristics are provided in CID—AD (.,*—lOlA

The PlVt.~ system has 8 majo r modes off, cold start.

operate . almanac col l e c t i o n ,  standby. warm start . software

restart . and b u i l t — i n — t . s t  The operate mode has two major

I submodes i n i t i a l i z a t i o n / s a t e l l i t e  acquisition and

steady—state The steady-state submode has five operational

states normal. ionospheric delay measurement . ephemeris

I up date. new s a t e l l i t e  acquis i t i o n. and signal

loss /reacquisition The fo~~~owzng para g raphs b r i e f l y

I d.scrtbe the system modes of o p e r a t i o n  (A d e t a i l e d

description of user operati ng procedures is given in

I App endi i A. MVU€ User ’s Manual

I
I
I
I
I
I
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i 2 1. 1 Cold Sta r t

a Equipment Stab i lization Period — At first turn on

I operator control via the C D&J w i l l  be p r o h i b i t e d  for 13 5

minutes t o  allow the reference oi lll ator and other critic al

1 com p onen ts to st a b i l i z e  A manual override of th i s delay is

provided

b Power Up — After the 13 5 minute stabi lization

I period , the processor will be powered .~nd all random access

memory  w i l l  be zeroed

I c 00/NO 00 — Before a lowing the operator to further

activate the system . a sequence of self tests are

automatically commanded to determ ine if the system is read y

— 
for normal operation I f  all tests are passed . the

o p e r a t o r ’s inputs ar. processed and norma l operation begun

I If all tests are not passed . a warning message is d i s p l a y e d

before p r o c e d i n g  to norma l operation

d System I n i t i a l i z a t i o n  — Before commanding the PIVUE

to acquire the satellites and nav igate , the operator must

init i a l i z e  his position and time He may also i n i t i a l i z e

a l t i t u d e .  s e l e c t  the s a t e l l i t e ’  to  be acquired. and/or

init ial ize rendezvous (wagpoint) coordinates

e Navigation Activation — The system is c ommanded to

acqu ire the satellites and navigate by depressing the FIX

k e y  on the CDI)

I
I 

PAGE 12
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I
a Satellite Acquisition — The software subsystem

ini tializes system parameters and then provides aAd kng to

the receiver to acquire the satellite signals and begin

navigation The system attempts to acquire those satellites

se l e c t e d  b y  t h e operator or, if th . operator did not s e l e c t

any sources . the system attempts to a c q u i r e  up to si s

satellites with the la r gest elevation as determined b y

software computations based on s a t e l l i t e  o r b i t a l  data stored

an the almanac

b Steady State Operation — After the satellites have

been acquire d  and s a t e l l i t e  e p h e m e r i s  data has been

e collected from the satellites , the system begins norma l

tracking of the satellites b y sequencing between satellites

every two seconds Range measurements are made and

navigation is begun After a short del ay to  allow

navigation filter converge nLe . a user fi a  is d i s p l a y e d

automaticall y on the CDt) . and additional fii e s or other

system outputs are displayed w h en c ommanded b y the operato r

or once per minute if the operator chooses the automatic CDt)

display mode During steady—stat. operation. several

different states of operation are invoked automatically by

the software d e p e n d i n g  on particular conditions. These

states of operation are d e s c r i b e d  as follows

( 1 )  Norma L — In the norma l mode of operation . the

sy stem makes range and range rate measurements f o r a

different s a t e l l i t e  e v e r y  two seconds  based on the satellite

PAGE 13
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I
Li frequency signals Ths measurement. are processed by a

i Kalsan data filter and the user ’s esti mated posit ion and

time are updated

(2) Ionospheric Delay Measurement — Every 24 seconds

an ionosp her ic delay measurement is made by  the receiver by

I processing an L2 frequency signal fro. one of the

satellit es

(3) Ephemeris Update — Once every hour of stead y—state

I operation. an epheme ris updat . is made b y collecting fresh

ephemeris data from each satellite The ephemeris data is

I collected in sz i second bloc ks and durin g each sti seconds

of data collection , measurements are n o t  in c o r p o r a t e d  to

update the user s estimated position The s li second blocks

I are spread out over several minutes in order to not degrade

apprec iably the navigation accu racy

I (4) New Satellite Acquisition — Every two minutes. a

determination of satellite v i s i b i l i t y  is made  As

I satellites rise and set over the hori zon , the system may be

required to acquire a new satellite that is not currently

being tracked In the new satellite acquisition mode the

system atte mp ts to acquire th. signal from a new satellite

and i -f the signal is acquired , the system collects ephemeris

I data from the s a t e l l i t e  and the n add s the s a t e l l i t e  to the

constellation being used for navigation

(5) Signal Loss /Reacquisitio n — Satellite signals may

be lost due to signal maski ng by trees. bu ild ings . terrain,

etc In the signal b e d  reacquisition state of operation.

I
PAGE 14
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I the system attempts to reacquire the lost signals using

special receiver r e a c q u i s i t i o n  modes and if less than f o u r

satellit , sig nals are av a i l a b l e  during the signal loss

I condi tion.  the system must navigate suboptima l l y .  If

signals from three s a t e l l i t e s  are being proc essed. the range

• to the center of the earth is held constant and treated as a

fourth measurement This is called altitude hold , since the

s y s t e m  is forced to navigate along a surface of c o n s t a n t

( altitude When signals from onl y two  satell i tes are

available , the rang. to t h e  c e n t e r  o f the earth is treated

as a measurement . and in addition the user ’s clock bias and

clock bias rate are assumed to be known and are not up 1 3ted H

by the ~alman filter when measurements are incorporated If

signals f r o m  less than two satellites are available.

navigation a s not possib le . and a software restart is

I c ommanded

I

I

I
I
I
I
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I
I 2 1.3 Almanac Collection

The operator may choose to acquire a new a lmanac  by

selecting the almanac c o l l e c t i o n  mode via the CDt). In this

I mode. a satellite is acquired b y searching the entir . sky.

if necessary , for the signa l . and then collecting fresh

I almanac data f o r  all operable satellites After the almanac

data is collected . the system automatically attempts to

I acquire the satellites and begin norma l navigation

I 
_________2 1 4 Standbu

The operator may place the system into standby at any

I 
time by m a n u a l l y switching to this mode In the standby

mode . the processor is not powered and less system power is

I_ consumed In the standb y mode , the system does not process

any data and cannot be commanded via the CDU The last user

I state before entering standby is stored in a non—volatile

port ion of memory for later use Time is also mainta ined

I No outputs are a v a i l a b l e  in this mode

2 1 5 Warm S t a r t

I The transition back to norma l operation after a period

of standby is the warm start mode This mode is similar to

I a cold start but the operator is not required to

I 
reinitialize and the initial position of the user is assumed

to be the position when stan~~t y was invoked The satellites

I are acquired in the same manner as in a cold start and a fis

is automatically displayed after the navigation filter has

PAGE 16
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I converged The 00/NO 00 self tests are i n c l u d e d

2 1 6 jj~j~~ Restart

I This mode say be invoked at any tim , by the operator

and causes the software to be recycled as if a cold start

I was occuring Most of the RAIl memory is zeroed however,

th. operator ’s previous CDU i n i t i a l i z a t i o n  is saved, and

re i n i t i a liz ation is n o t  required but is allowed When the

- - operator depresses the FIX key . the system i n i t i a l i z e s

system variables and attempts to acquire the satellites as

I in a cold start A lso . the 00/NO 00 self tests are

included

I
I- 2 1 7 Built jfl T e s t  (BiT)

‘The B I T  mode say be i e lec ted b y the operator and causes

I the system to go throu gh a seque nce of self tests At the

end of each test. if an abnormality is observe d , a message

identif ying the area of hardware co n t a i n i n g  the abnormality

is d ispla yed If .11 tests ar. passed , an O~. is d i s p l a y e d

I
I
I
I
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I 2 2 SOFT WAR E OVERVIEW

2 2. 1 Functions tat Structure

The data processo r/ computer software accepts and

process., the outputs of  the receiver assembly and c o n t r o l

I d i s p l a y  unit and perfo rms those computations and  tasks

necessar y to support the required system operation The

data processor /comp uter software is allocated the following

system functions

a Select the set of OPS transmitters from those

I available that w i l l  provide the necessary inputs to

compute on a ~.ontinua 1 b a s i s  th. use r ’s p o s i t i o n  and

I time

I —
b Provide sign al a c q u i s i t i o n  and tracking aiding

data to the receive r

I c Accept co n t rol co mman ds f r om the C Dt) and

p rovide for alte rin g the processi ng of c omputer

I p r o g r a m s  or other equipment functions as r equ i red

d Convert the system data and

pse u d o — r a n g e / r a n g e — r a t e  m e a s u r e m e n t s  into

I three—dimensional position and time

e Provide for 00/NO 00 and self—test functions

I to the maz i m um e it en t  p r a c t i c a l

I
f Compute and o u t p u t  to  the CDt) on c ommand

(1) Present position

I (2) Position of selected rendezvous point

(3) Azimuth to selected rendezvous point

PAGE 18

I 

--- ----------- .- ---------  - —---- -5 5- - - -



I
with refer .nce to grid—North

(4) Distance to s e l e c t e d  rendezvous point

(5) Time—of—day (day—of—week. hour—m in—sec )

I (6) Estimate of uncertaint y in position

(7) Number of OPS t r a n s m i t t e r s  used by the system

f (8) A l t i t u d e  of user ’s p o s i t i o n

(9) System condition warning m e s s a g e s

g P r o v i d e  r e c e i v e r  control and measurement

i p r o c e s s i n g

h P r o v i d e  a l l  r e q u i r e d  s ystem s e r v i c e  tasks such

I as p r e c i s i o n  t i m e  k e e p i n g .  s y s t e m  s t a r t — u p  control.

mode control . error mon itoring. etc

The software is structured into four major subsystems

as follows

a Li e cuti ve Subsystem

a Master Control Subsystem

c Receiver Subsystem

d Navigat ion Subsystem

The system functions are further subdivided and

allocated to th. software subsystems as shown in Figures

2 2—1 through 2 2—4

‘I

I
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I
2 2 2 Data interfa ce

The c omputer data u t i l i z e d  in the MVUE system can be

c a t e g o r i z e d  in four areas — signal data. measurement

( (ranging ) data . c omputational data. and control data

First, the si gnal data is transmitted from either SV’s or

I g r o u n d  tram smitt er . and received by the receiver The

r e c e i v e d  data , r e c o v e r e d  a f t e r  c o m p l i c a t e d  eceiv er hardware

procedu res . is 1 rearranged to store in a data base This

I procedure is c a l l e d  data b l o c k  processing Regarding the

detailed sig nal data interface , refer t o  the lCD . Doc No

1 111,08-00002- 400 E Second. the measurement data is generated

I 
by the rec iever hardwa re using the signal data stream (P and

C - A  cod,) w h i c h  is c o nsider ed a. a measuring rule Third.

the computational data is t Ie o u t p u t  o~ the navigat ion

p r ocess c o o r d i n a t i n g  w i th  the measurement This data is

f also the sy stem o u t p u t  and d i s p l a ~jed on the CDt.) Fi nally.

I 
the control data is used for the control of receiver

assembly . navigat i on p rocess or the maste r ~o n t ro I  of the

I M’-IUE system In Figure 2 2-5 the MVUE software system data

flow is d e p i c t e d  rh e data /control flow interfacing between

the PfVUE software subsyste ms is p a r t i t i o n e d  to the

I 
functional level as shown in ~~igur . 2 2-6 these interface

data bases w i l l  be further specified in the Receiver

subsystem . Navigation subsystem . and Master Control

subsystem in Section 3 0
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I
2 2 3 Comautt~ ~~~ oar am L nQ uaQe

I 
The instal led programs are compiled with FORTRAN IV and

Assembler and supported with the software development

I ut i lities , which are referred to the following references.

FORTRAN IV 945411-9701

I A s s e m b l e r 943441 9701

Utilities 945256-9701

I 2 2 4 Memoru __________

The amount of memory required by e a h  software

1 subsystem its allocat i on , and a comp arison with total

memor y a v a i l a b l e  is shown in Figur e 2-7 Th. further

brea kdo~~n of  memory required b y s u b s y s t e m  f u n c t i o n  is

I — 
included in the software subsystem d e s c r i p t i o n  given in

section 3 0

I

1
I
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I
I
I

PROGRAM MEMOR Y (ROM )
— ~~C

__ . _ _ _  •-- - —— — — C —

SUBSYSTEM PAGE 0 : PAGE 1 PAGE 2 : TO1AL DATA MEMORY (RAM): 
+ + • - — •. 

RCSS : 209 650 1 : .46  : 7456 : 762 
. - - - - + 

MCSS : 611 1 7554 : 9899 18164 1602 
. + + + + 

NSS 1 1637 1651 1 5586 : 8874 1 1548 
C + . + . + 

E XEC : 4479 : 23 1 4502 : 1181 
C - +~~~~— - . -  + 

SUBSYSTEM : : :
TOTAL 6936 15829 1 16231 38996 5093

:1/F DATA I I 1 941

:TOTA L 6936 : 15829 1 io;’:u i 38996 1 6034 
C + + 4 - - . 

AVAILABLE : 8192 16384 : 16384 40960 1 6400 
+ - -•  - .. C + 

PER CENT I : :
:UTILIZED 1 84 7 1 96 6 : 99 i : 95 2 94 3

FI~~U R [? 27  MEMORY SIZING

I
I
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• I
1 2 2 5 ELQ litRr. _______

Processor loadin g was st udi ed b y  deter m in ing the peak

time required for c ompletion of two second and 24 second

I 
priority tasks under a variet y of system conditions. The

peak time was determined by c a l l i n g  the E secut ive routine

X3TIPIM at the end of t h e  two  second p r i o r i t y navigation task

N1MMIT and the 24 second p r i o r i t y r avi gation task N1PINFL

Since these are the final system tasks to run in each

priority , these m e a surements c h a r a c t e r i z ,  s y s t e m  load ing  for

t hese system p r i o r i t i e s  The E i e c u t i v e  task X3TIMM is

called with an argument equal to  the task priorit y in 20

mi l l i s e c o n d  u nits and r,t~~r n s  th. number of 20 m i l l i s e c o n d

periods that have transpired si nce the task was scheduled at

its priority ioundary Th. results of the stud y are g iven

in Figure .‘ 2-8

PAQE 29
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LOADING
:~~~~~Q~~~TY ~~~~,jyPICAL MAXIMUM 1

~~ 5~ c __ __ ._ Q ~~~ 5~ C~~ I ~

1 5j ~ S~.C . L L ~~~~~~~~.c I

igu re  2 2-8 P r o c e s s o r  Load m g

I
I PAGE 30

I
-1

-- -5.-- ‘5-~~~~~~~~~ ‘ ——5 5-- - 5 ~~
- ,- 

~~~~~—



p.. ‘ — _ ._~. —~..----— ~ ~~~~~~~~~~~~~~~~~~~~ 
5- ”  ~~~~~~~~~~~~~~~~~~~~

2 2 6 Software ~.velQomer m t

Th~ P1V L~E softwar . was de v e l o p e d  a nd  d e l i v e r e d  for  f i e l d

testing i n four d i s t i n c t  phases Ea ch  niu. software ver sion

containe d s i g n i f i c a n t  a d d i t i o n a l  system c a p a b i l i t i e s  with

respect to the previo u s ..rsion The  basic software

vers io ns were d e f i n e d  is Re leab es 2 0. 3 0. 4 0. and 5 0

In two cases. a d d i t i o n a l  sub -releas ,~ w e r e  d e l i v e r e d  to

correct p r o b l e m s  or a d d  c a p a b m l i ~~ie c. th es e r e l e a s e s  were

2 1 and 5 1 Th, date o~ d , l m v e r — ~ and l i s  of c a p a b i l i t i e s

for each software releas, are given b e1.~ .

R1j1jj ~ j .Q - 0 c t o b e r 1”

The f i r s t  r e l e a s e  d.Ii~~vr.d to the f m ~~ld  w a s  k n o wn  as

the  “ B a s i c  N a v i g a t i o ~’ rele a se ~- ,cau se i t  was  designed to

p r o v i d e  b a s i c  nm~~i q a t i o n  ca p .. b il m ie s wi ’h no f r i l l s  in

order to c h e c k  o u t  basic d e s i g r  iss u es and d e termine MVUE

c o m p a t i b i l i t y w i t h  the f i el d  te st i n s t r u m e n t a t i o n  and data

c o l l e c t i o n / r e d u c t i o n  ( ‘ c i l i t i e s  ~~ e b ac i c  s o f t w a r,  system

l evel c a p a b i l i t i e s  were as f o ~ lo w s

(1 ) Basic C Dt.) operations i nc  l u d i n g  c a p a b i l i t y to

i n i t i a l i z ,  p o s i t i o n  in W G’~ 7. l a t i t u d e  and l o n g i t u d e .

i n i t i a l i z e  time, s e l e c t  ;fS sat .~~l m t e s  or ground

transm itt er s. and m n i t i .~l i z e  al ti ’ude

(2) Navigation with fr -” , f i vp ,  or s i ’  signal sources

i n c l u d i n g  satellites and/or gro nd t r a n s m i t t e r s

(3) CDU output of ..4QS—7 2 lat i tude. long itude , altitude.

and time

I
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I
(4) CDt) out put o f  most  s y s t e m  w a r n i n g  messages

(5) MVUE Instrumentation Sy~~tem interface and s y s t e m

d a t a  c o l l e c t i o n  and output

I 
_ _R e l e a s e  ~~ i — October l 1 ’ ,

~~

I i h i s  r e l e a s e  was d e l i ~~e’- ed at ap p r o z i m a t e l y  the same

I 
time as Rel ea. e 2 0 Tw ~ ~~~~~~~ I i t i e s  we’ ~• added and one

software c o r r e c t i o n  was made R,~~easc • ‘ 1 c a p a b i l i t i e s  w e r e

as follows

(1) A l l  Release 2 0 c a p a b i

( (2) W aypoint o p e r a t i o n s  i-- l u d i n g  i n p u t  of up to ei ght

w a y p o t n t s  in WGS - - ’.’ c o o rdinates. CDt) o u t p u’  of  range and

- bearing t o  each ~a yp o 1nt a- - ’ o i s p i a y  of w aypo int

• coordinates

(3> Manual .~ l t i t u d e  h o l d .  e n a b l i r , ; ~.3.1 ; a t i o n  wi th onl y

t h r e e  s i g n a l  s o u r c e s

(4) ~
‘ ime i n i t i a l i z a t i o n  C o r r e c t i o n

~i Lw.ii 1_Q — 1~ De cemb er j r ~’))

Release 3 0  softw r e  ~ r i m a r i 1 y added those a d d i t i o n a l

c a p a b i l i t i e s necessary ‘o” su c c e s s fu l  Ope rat ional Test and

E v a l u a t i o n  A gen . , j  (OTEA) test i n g  C a p a b i l i t i e s  of r e l e a s e

I 3 0 we r e as f o l l o w s

(1) A l l  R e l e a s e  2 1 c a p a b i l i t i e s

(2) C D U d i~~p lay of mean sea le - .’el a l t i t u d e

I (3) M i l i t a ry  G r i d  c o o r l i n .qte  t r .in s f r , ’ ma t i o n

(4) C / N O  monitor

P AGE 32
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(5) Eaces sive o s c i l l a t o r  b ias L.I r r li nq

(S) Automat i c s a t e ’ l i t e  s e l e c t i o n  (table look — up of ~~V

4. 6. 7,8)

( 7 )  Ephemeris u p d a t e  .onc ,’ ~~~~ ho.. ’

(8) New sat~~l l i t e  a c q u i s i t i o n  sea ch m ude a n d

t r a n s i t i o n  of  new ¶ i nto r .i~~i ga t i o n

(9 )  Part ia l GO ’ NO (O ~~~.‘ I • t~.st

(10) Automatic a l t i t u d e  h o l d  “ode

(11 ) Stationary user mo~~e

(1.,’ )  , ‘
~~_ o~i t p u t  of es t i m a t e d  u n c e r t a i n t y in u s e r

s t a t e

(1,3) R ad i o/ 1 h lt ’ o u t p u ’

(14) Degraded mode ‘r . i ~~~. t i r wi~~~ th ’ e. or two signal

sources u s i n g  a t t t u d ~ h old ~~~ c l o c k  bi as rate f r e e z e

(V’ ) Cor e c t in n  to p r ob i b i t  ,ono sp h, ’-ic co r~~e r t i o n for

ground tra n s m i t t e r .

( 1 6 )  ipo n e n t i a l  •i l t , r  s m o o t h i n .~ of iono sph e r i c

co rr ec tio n data

R,l,at, 4, C — ~~~ A i i  1 ”r1~

R e l e a s e  4 0  so~~t~~~r~ a~~d.d a l l  ‘ e m ai ni n q  c a p a b i l i t i e s

r e q u i r e d  to s a t L s f , CID A D t J [ — I O IA  s y s t e m  s p e c i f i c a t i o n s

e scept f o r  P u i l t - i r ’  J es t ( 1 3 1 1)  A l s o .  s.. e ra l  system

enhancement s were made Ib e release 4 0  c a p a b i l i t i e s  were

as f o l l o w s

(1) Al l  R e L e a s e  3 0 c a p a b i l i t i e s

(2 )  Ful l  sat e l l i e s e l e c t i o n / r e p l a c . m ’ r  t logi c
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i 

(3) User p o s i t i o n  smoothing for stationary user

(4 )  Mean sea l e ve l  à 1 t i t u d e ~ c o r r e c t i o n  for all  data

us i ng the Mo lod en sk y coord i nate c nv ers ion technique

(3~ Improved system performan e fo r e c e i v e r  jamming

1 (8) Complete GO/NO GO sel f te st

(7) Warnin g m e s s a g e  d i s p l a y  f o r  i l l e g a l  CDt)

keystrokes

(8) Sa t e l l i t e  a c q u i s i t i o n  wi~~~’ old a lm ana c data

(9) Computat i on ~~f p e c i st o n  t i r e  u s i n g  ephemeris c l o c k

I c o r r e c t i o n  parameters

( 1 0)  C o r r e c t  s . t t i n~ 0’  mea ’.jremer, t • a l a d a t y fla g when

r e c e i v e r  f a i l u r e  s t a t s is  se t

( 1 1 )  Data  r e a s o n a b l e r e s s  c ’ - e k  of  i o n o s p h e r i c

cor recti o r. LI/I.’ m eas -j ’ p rn, ”t d a t a

1 ( 1 2 )  E s p a n d e d  s e a r c h  in t. r ..s . in l o s t  signal

r e a c q u i s i t i o n  m o d e

~11~jj.t L~Q - 5 Ju n e 1 ~

R e l e a s e  5 0  ~~o f t w ar ~~ .s.~de ’ P u : l ’ — i r — I e c t  and  a r um ber

o f  major sy stem en h ancement ’, T P e y  ar, is follows

(1) A l l  Rd 4 0 c a p a b i l i t i e s

( 2 )  B u i l t  I n — l e s t  (B IT )

( ) )  A1.an.s A c q u i s i t i o r  “‘ode

• Selec ted by o p c ’ n a t o r

• Acqu i r e s  up to 9 a l m a n a c s  from one SV

‘Sea rc h e s  sk y unt i l  SV found

I • Searc hes f o r  SVs with IDs 1-9

P A CI  34
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I
• Operator selects SVs or SVs automa tically selected

by system based on v i s i b i l i t y and e l e v a t i o n  as

determined PROM almanac data

• When system selects ¶‘~Vs it searches f o r  SVs d e c l a r e d

non-- v i s i b l e  if “su ’ c e s s f u l l  ~r f i nd i n g  SVs d e c l a r e d

v i s i b l e

• System a u t o m a t i c a l y a q u i r e c  ‘ .‘ .. fo r  norma l navi gatio n

a f t e r  comp leti o n  of the A l m a n a c  A c q u i s i t i o n  Mode

f (4) Software R e s t a r t  Mode

• Selec t a b l e  b y op e rat o ”
S

• Al l  p r e v i o u .  CDt) in pu ’s saved

• R.i ni t l a l i , a t a o n  not r e q u i r e d  but operator may

r e i n i t i a l i z e  any p a r a m e t e r s  i’ desired

(5) System invokes Software ~ .st ’rt any t i m e norma l

seque n cing is not p o s s i b l e  ( fa i l u r e  to a c q u i r e  enough

SVs. lots of a l l  s zg r ’ .il s for four m i n u t e s ,  etc

(6) Operator input of a l t i t u d e  d u r i n g  stead y state operation

( 7 )  D i s p l ay  of  s y s t e m  s t a t u s

• Fo r a l l  a c q u i s i ) i o n  m -.~ -~es

• Ever y 30 se c or - ds

• D i s p l a y s  n u m b e r  o f  ‘.i s i b l e  SVs number of SVs

acqu ired . and ID of SV th at is c u r r e n t l y  being

processed

(8) Operator i n h i b i t  of iono sphere .orre ti on

(9) Operato r in h i b i t  of al l  atmospheric corrections

(ionosp here and tropo sp he re )

(10) Op e iato r s e t t i n g  of RAM a lmanac  save flag

I
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1
(11 ) CDt) prompting major level ~ cha nge s

.Changed from DHO t o  0P2

• Minor levels include A IM (Almanac A c q u i s i t i o n  Mode ).

RST (Restart Mode ), RAM (RAM almanac save flag ) . ION

(io nosphere c o r r e c t i o n  flag ) . and ATM (atmosp here

co r r e c t i o n  flag )

(12) Acqu i s i t i o n  a cti ated b y d e p r e s s i n g  I I X  button

(13) GO/NO GO self test m ode m o d i f i e d  to allow norma l

s y s t e m  o p e r a t i o n  pv e r  i~ test f a i l s  (Flashing R

w i l l s t i l l  be d isp1.i ~~ed )

j (14) Precision time c a l c u l a t e d  using ephemeris data for

a l l  SV p os i~~io r a d  time c o m p u t a t i o n s

(IS) Su bsequent ~ a c q u i s i t i o n  mole s e a r c h e s  o c r  two

d o p p l e r  b i n s  (p ’ e . i o i s l  or e b i n )

(16) User t i m .  u p d 4 t ed  f rom instant entered in CDt) by

ope rator

(17) Proper r e i n i t i a l i z a ’  on of u’..r ‘~.loci t y states and

t he c o v a r i a n c e  m a t r i i  d u r i v ~~ wa’m sta rt

(18) In creased a c c u r a c y  f r y - re e i ’.e’ self a i d i n g  via the

i n c o r p o r a t i o n  of rang e a C c e l e r a t i o n  t e r m  w hen

e a t r a p o l a t i o g  p r e v i o u s  measurement

(19) Ca p a b i l i t y to e n t er  s t a n d b y  mode  f r o m  any o the r

j system mod. e i c e p t  OF~

?j Je.se ~~~~~ 
- . Jul y 1979

Release 5 1 software corrected a timing error in

R et 5 0 software that ca sed an EIOM test f a i l u r e  when
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J R u n n i n g  t h e  B I T  sequence Othe rwise , this r e l e a s e was

identical to Rd 5 0
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2 3 HARDWARE OV ERV IFW

2 3 1 HARDWARE FUNCTIONAL DVI RV II W

The MVUE hardware is fu n c t i u n .il l q designed to perform

sev en major tas ks The ta.~ tn ,lude the f o l l o w i ng

a )  S a t e l l i t e  ‘, e h i c l e  (SV) Sign a l  f’ r .cess ing

b)  Con t r o l  D is p l a y  Unit ‘t.’ ~~~ i~ g

c ) Radio/D u D Interfa c iri g

d ) B u i l t — I n  Test Pro ce ssi q

e) I n t e r n a l  Sy s t e m  P o w rr  Con’ ro l

f )  S y s t e m  l ime  ~.e .ping

g) MV)4 Instrumentat io n Sys~~en l r k e t ’a cing

Under software c o n t r o l  the h,.’d~~jre is c o n t r o l l e d  in

such a manne r to a c q u i r e  and d e cod e the si g nal s generate d by

the various SV’s T h i s  i n c l u - l e s  c a p a b i l i t y  to a c q u i r e  the

SV’s in t h e i r  a p p r o p ” i a t e  l~~~~~~~i P  b i n, C/A c o d e ,  and

P — c o d e  F i f t y— Hr d a t a  i s also d e c o d e d  t o  p er fo r m  the

handover from C/A to ~ .ode ~.JPr .n eac~ SV is  a c q u i r e d  in

P—code th. hard wa re is u t i l i z e d  t m easure ~‘— c o d .  p o s i t i o n

which t r a n s l a t e s  to a range measu rement w i t h i n  the

na v i g a t i o n  s u b s y s t e m  of s o f t w a r e

Once the system has d e t e r m i n e d  p o s i t i o n  and tim , for

user The informat ion can be made a v a i l a b l e  in various

formats on the Control Display Unit (CDt)) The CDt) is

implemented w ith two  rows  of 10 a l p h a n um e r i c  display d e v i c e s
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I
to d i s p l a y  the ,ar~~ous system i n f o r m a t i o n  Ihe COO is

respons ive to formatted messages from the system wh i c h

define c haracters to be d i s p l a y e d  as w e l l  as the location of

the characters w i t h i n  th. two rows The system Is a lso

responsiv e to message s from the COO w h i c h  ar. initiated

manuall y by a user The user may thus e i e r c i s e  c o n t r o l  over

the system via the CDt)

Messa ges d i s p l a y e d  on the CDU may be transmitted to

either a radio (PRC—77 or PRC—25) or a d i g i t a l  m e s s a g e

de vice (DM0 ) b y means o f  a frequenc y ~ h i f ~ keyed a u d i o  tone

with a spec i a l  d a t a  format c o m p a t i b l e  w i t h  the 0110

The PIVUE system is i m p l e m e n t e d  with a B u i l t — T n — T e s t

funct ion wh i c h  allows fault i s o l a t i o n  of  h a r d w a r e  f a il u r e s

The task is a c c o m p l i s h e d  vi a a hardware module ded i cated to

t h i s  function The software ty;t~~m l nv o k C s  the module wh ich

ge ne r a t e s  a n L i  and L2 p s e u d o - r e p l i c a  (not c o m p l e t e  Li and

L2 s i g n a l s )  Based on the r e s u l t s  whrn a c q u i r i n g  t h e  two

sig na l s. the system generates fault i s o l a t i n g  information

for d i s play on t~~e COO

Under software c o n t r o l  the PIVUE sy stem may be set into

two low p o w e r  c o n s u m i n g  m o d e s  r e f e r e d  to  as standb y. and or

wa rm up The modes ar e attained ~ ia the s .4stem power supply

which inhibits power to those sections oF hardware that do

not requ i re  power  durin g t h ese  modes

Dur ing a wa rm-up mode (i m m e d i a t e l y a f t e r  a c o l d  s t a r t )

and standby mode the hardware maintai ns a c l o c k  which is a

record of time w h i l e  in these modes When turning on the
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I system from a cold start the hardware system w a l l  determine

I 
when 13 66 minutes have elapsed (time required to warm up

Master Oscillator) At the end of th is interval , all system

I power is e n a b l e d  provided the CDt) STANDBY/ON s w i t c h  is in

the TMON ” mode If the switch i s in standb y. the system w i l l

I be maintained in warm—up If after having attained a norma l

I 
nav igating sod., the user may set th e  system to the standby

mode to conserve battery l i fe Wh il. in t h i s  mode, the

hardware timer w i l l  m a i n t a in  time to a resolution of 20 ms

When the s y s t e m  is s u b s e q u e n t l y set to the “ONe’ mode. the

I tamer c l o c k information i s  l o a ded into the s o f t w a r e sy s t e m

I
to aid in the reacquisition operation

To help monitor the s’~ s t e m  t h e MVUE s~~stem provides an

I instrumentation interface The MVUF In c trum en tat i on System

I n t e r f a c e  a c c e p t s  v a r i o u s  ana l og test monitors to be

I converted to d i g i t a l  data A p o r t  is i n c l u d e d  w h i c h  a l l o w s

th e  outputting of system s c r a t c h p a d  memory information for

I in s p e c t i o n  and t r o u b l r s h o o t i n j  ~e instrumentation

inter face is also cap a ble o~ fur -~~~~i o n i n g  a a C Dt) b y having

access to the CDt) interfa c e An i n t e r f a c e  is included to

intervene in P r o c e s s o r  c o n t r o l  v i a  the M a i n t e n a n c e  Panel

Inter f a c e  wh i ch allow, a user to monitor processor

I re gis te rs. perform b r e a k p o i n t  operations , and other

processor o r i e n t e d  fu n c t io n s

I
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1 2 3 2 HARDWARE PHYSICAL OVERVIEW

I The PIVUE hardware is p h y s i c a l l y  subdivided into the

hardw are fu n t i o n a l  s e c t i o n s  shown an Figure 2 3—1. These

I sect i ons i n c l u d e  the following

Receiver /Processor Section

I Control Display Unit

V e h ic u l e  I n s t a l l a t i o n  ~.it P r e— A m p l i f i e r

MVU€ Anten na

B a t t e r y  Pec k

The Receiver /Processor section is the portion of the

system that contains all essential hardwa re to acquire SV

s i g n a l s  and perform a l l  necessary c omputations for the

system As can be seen in the PIVUE Hardware F u n c t i o n a l

I 
Block D i a g r a m  (Figure ~ 3-1). the R e c e i v e r / P r o c e s s o r  is

subdivided i nto seven major areas These inclu d e  the RF

Pre—Conditioning Sectio n. Receiver Section. Data Processing

Unit. Eiter nal Input /Out put Module, Master Oscillator PIVUE

I Ins t ru men ta tion  S y s t e m  I n t e r f a c e  M o d ul e .  and the PIVIJE Power

Supply

The RF Pre—Condit ion ing section merel y prepares the RE

1 carriers from the various antenna sources for input to  the

Receiver section This section establishes the Noise Figure

I (548 nominal ) for the system and amplifies the signals to

the a p p r o p r i a t e  level for proper Receiver operation Some

f i l t e r i n g  is provided to  l i m i t  interference f r om sources

I outside the system operating frequency rang.

The Receiver s e c t i o n  performs the function of frequency

PACE 42
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I
down conversion and signal d e c o d i n g  under the control of the

Data Processing Unit (OPt)) The OPt) w i l l  command the

Receiver section to generate L 0 frequenc ies. C/A and P

codes and, w i l l  command the Receiver to assume various

required settings to acquire the various SV’s The DPU can

also invoke the B u i l t — I n — l e s t  (BIT) m odule to generate

internal test signals for fault isolation

The Data Processin g Unit (DPU) is the computer which

d r i v e s  the system The o p e r a t i o n a l  software r e q u i r e d  to

drive the system is stored w i t h i n  t h i s  sect ion in t h e

P r o g r a m  Me m or y Mo dul e s  (P1111) w h i l e  intermediate data is

stored in scratchpad memory (Data Memory Modules ) A l l

cont rol for the system emamates from the DPI) This control

is e .e r c i s e d  over the s y s t e m  b- i a  the CPU structure w hich is

an I/O feature of the r e s i d e n t  computer

The E i t e r n a l  Input /Output M o d u l e s  (FIOM ) functions to

p r o v i d e  the s y s t e m  with a l l  e t t e r n a l  interfaces for the

system These i n c l u d e  the C o n t r o l  D i s p l a y  Unit , PIVUE

Instrumentation System I n t e r f a c e  (d i r e c t  h a n d o v e r ) ,  and the

R a d i o  I n t e r f a c e  Th e LI OPI also performs special internal

system functions These i n c l u d e  power s u p p l y  c o n t r o l  w h i l e

in standb y or warm up m odes . time k e e p i n g  w h i l e  in s t a n d b y

or war. up. Memo ry Pagi ng Cont rol . and Master Oscillator

Clock , and Timing Di s t r i b u t i o n

The Master Oscillator merely generates a 10 MHz clock

( refer e n c e  fo r  the system This f r e q u e n c y  standard is

distributed with i n  the system for various Receiver and
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Processo r functions

The P’IVtJE Instrumentat ion System Interface Module

provides the user an instrumentation interface to monitor

system status and intervene in system operation.

The PIVIJE Power Supply provides power to the system via

co ntinuous or switchable power b u s s e s  when commanded to do

so by the ElOPI

The Control Display Unit is the primary operator

interface for the system The operator is provided a

visual interface (two rows of 10 a l p h a n u m e r i c  LID d i s p l a y s )

and a three level key board to er~ter commands to the system

The C Dt) is a l i g h t  weight h a nd he ld  un i t  to  a l l o w  ease of

op. at i ”  n

The V e h i c l e  I n s t a l l a t i o n  ~.i t (VI~- ) Pre A m p l i f i e r  is

f u n c t i o n a l l y  the same as the RF P r e— C o n d i t i o n a n g  section of

the Receiver P r o c e s s o r  The d i f f e r e n c e  b e i n g  t h a t  it has a

diffe r ent m e c h a n i c a l  form factor to be compat ibl . w i t h  the

.arlo us v e h i c l e s  that the PIVU E accomod ates

The PIVUE Antenna is  the si g n a l  r e c e p t i o n  element for

the system w h i c h  can be mounted ‘n either the

R e c e i v e r / P r o c e s s o r  assemb l y f o r  Ma ripac i operation or on the

VI~ Pre -Amp li fier

The Battery Pack is the source of  p o w e r  for the MVLJ€ in

t h e  Manpack configuration Via the use of batteries a 24VDC

power source is provided to the system

I
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3 0 PIVUE SUBSYSTEM DESCRIPTIONS

The PIVUE softwa r e system con sists of  four s u b s y s t e m s

I These are the R e c e i v e r  Control Subsystem. the Master C o n t r o l

Subsystem the Navigation subsystem and the E x e c u t i v e

I Subsystem The following sections contain functional

d e s c r i p t i o n s  of these subsystems

I
3 1 RECEIVER CONTRO& SUBSYSTEM

3 1 1 Ov e rv i ew

I The Receiver Control subsystem (RCSS ) provides

m e a s u r m e n t s  of ps e u d o - r a n g e  and range rate to the Navigation

I s u b s y s t e m  and SV data to ‘he Master Control s u b s y s t e m  It

p r o v i d e s  control and m o n i t o r i n g  of the eceiver hardware

Data for a c q u i s i t i o n  a i d i n g  and p r e c i s i o n  tim. is r e c e i v e d

from the Navigation sub sy st em - w h i l e  t h e  Mas te r  C o n t r o l

subsystem p r ovi d e s  mode commands and satellite

identi f i cation data

The Receiver Control Subsystem may be partiti oned

f u n c t i o n a l l y  into a p p l i c a t i o n  fu n c t i o n s  and sequence control

functio ns A p p l i c a t i o n  functions are those which provide

r e c e i v e r  or iented funct ions w h i c h  are ind ependent of the

I strat .gy chosen for re ce iver sequence control A p p l i c a t i o n

functions may be further d i v i d e d  into receiver control

I interf ace functions, SV data recovery functions and

mea surement processing functions The sequence c o n t r o l
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I
function implements the se1e c t~~d ontro l strategy and the

ac quis it i on. tracki ng and measurem ent st rateg y implemented

I for t h e  PIVUE Figure 3 1— 1 i l l u s t r a t e s  t h e p r i n c i p a l

interfaces among the funct ional elements of  the Receiver

I Control subsystem . other subsystems end the receiver

N a r d war e

I
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I
Another p a r t i t i o n i n g  o f  t a s k s  is  b y whether invO k~~t iOn

is pe rformed by the e i e c utive o r  b y the Receiver Sequence

Controlle r (RSC ) Those task s w h i c h  are e i ecuted at a rate

of other than 5 m i l l i s e c o n d s  (e i c ept RIRSC ) are invoked by

t h e  e zecu tzve and are referred to as “g l o b a l ”  t a s k s  These

i n clude

Tt~~ Pr ip ritu

RIBSN 1 ms

R1DDT 10

RIDSC 200

RIPI L; 40 mi.

R1RM () 2 cc

~f lRSC ~ mi

A l l  other t a s k s in the ~Q C SS e i e ( u t p  & ‘ n d e r  c o n t ro l  of

t h e  RSC and are  r efe r - ed to as “ l o c a l ”  ta sis Th .ir p r i o r i t y

is S m i l i s e c o r d s  ‘T h e s e  t a s k s  are ‘espons ible for

m a i n t a i n i n g  any sl ow e T rat, c,.~r~c t l o ns i~~t ern a l l y

The ge neral a p p r o a c h  •o ~ e c i eve r C o n t ’o l  is as follows

(1) a c ommend is ‘cc ie .ed froi t~~e Ma ster Control subsyste m

( ‘ )  a i d i n g  is r .cei~~ed from he N a v i g 4 t *o n  subsyste m (3)

the seq uen c e cor~~’-o1 f u n c t i o n  maps th e command into a

Seque n ce S p e c i f i c a t i o n  T a b l e ’ , w h i c h  is a ROIl data set

p r o v i d i n g  p o i n t e r s  to s u b o r d i n a t e  data sets w h i c h  d e s c r i b e

the sequence of a~~ti on s the R .cei..r C o n t r o l  subsystem as to

perform in the c omm anded m ode , (4) a p p l i c a t i o n  fun ctions . as

commended by the s eque nce co ntrol functions , acquire the

desired signal and provide status , measurement and SV d ata
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I
to t h e sequence control f u n c t i o n  as w e l l  as the  ot h e r

subs y stems and (5) p r o cassi ng ontinues f o r  the current mode

until another mode c ommand is  r e c e i v e d  From Master Control

I
3 1 2 ADDIl(at ion Fi.~n~~tj2flj

The following subp ar ag rap hs d e s c r i b e  the application

functions i n c l u d e d  in the R e c e i eT’ C o n t r o l  subs y stem For

additional d e s c r i p t i o n s  of the tas ks d e s c r i b e d ,  refer to

p a r a g r a p h  5 2

3 1 2 1 ~j,çe ~ v 
gr c niLIl. L 1a~v~ !±tc,i ~ . ~~. ~- ~ — 2 !

R eceive r C o n t r o l  i n t e r c a c e  f i i n c t i o~~s a re  t h o s e  w h i c h

provide control and m o n i t o r i n g  of  the r eceiver hardware

They are c omprised of the f o i i o w i n g  c om p u t e r  program

c omponen t s  (CPC ’s )

c~c f t ~N~~T~~~ N

RI CAL .IcXO C a l i b r a t i o n

RINSE Noi se C a l i b r a ~ on

R IPIN P - c o de n i t i a l i z a t i o n

RIRNC Ran g ing

RISC H Sequ ential Code Search

RISE T .CXO Set

RlTRW
~ 

Code T r a c k i n g

RIRRM Rang. Rate Measurement (BITE onl y )

RIRSN B it Sync

R I D D T  Data Detect
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3 1 2 2 ~~ Data Recoyer~& Uuic.Uo n s

The SV dat a  recovery funct io ns p r o v i d e  v a l i d a t e d  SV data to

I t h e Maste r Control Subsystem SV data is recovered b y RIDDT

and then buffered and valid ..ted by R2PCW. R1DSC provides

I timing and c o n t r o l  fo r R2PC~ an d M2DBPR. which performs the

data b lo c k  processing for master c o n t r o l  The CPC ’s whi c h

c o m p r i s e  the SV data r e c o v e r y  ‘ - i nc t i o n s  a r e  as f o l l o w s

I
R2PC~ Parity Check

I RIDSC Data Seque n ce ~-. o nt r o l

I
3 1 •~ 3 ~.i,ttvrem,nt Prj~c,1iun~ y ’~~~t )Qfls

I Measurement p r o c e s s i n g  ‘ n t i o r s are t h o s e  w h i c h

v a l i d a t e  and s c a l e  raw measurements ~~-f pseu do range and

range rate and p r o v i d e  tho se measu rement s t o  tb e Navi gatio n

subsystem They are c o m p r i s e - ~ of t N ’  +o lo win g CPL ’%

ç~ ç FvP9cIl.QN

R1REC l i n e a r  We g’es’.i - --

NIRMO Range ~1.asurem.r- t Output

I

1 3 1 3 Re~e&ver 5iauen~ e cgntrg.j _________

I 
The R e c e i v e r  Sequence C o n t r o l l e r  (RSC ) performs the top

level contro l function for the RCSS A group of control

structures are de fined w h i c h  are p r o c e s s e d  by the m odules

i n c l u d e d  in the RSC to implement  the  c o n t r o l  r e q u i r e m e n t s  of

PACE SO
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I the RCSS The f o l l o w i n g  subpar a graph s describe (1) the

I 
control structures w h i c h  are defined for the RSC (2) t h e

o rg a n iz a t i o n  of c o n t r o l  s t r u c t u r e s  to  implement the c o n t r o l

I of receiver sequences f o r  each receiver mode and (3) the

software modules wh ich process the c o n t r o l  structures

1 3 1 3 1 Cantr~ I Strjjctyr~~
The control structure s d e f i n e d  for the RSC are l i n k e d

together t o  f o r m  task s y s t e m  d e s c r i p t i o n s ” These d e s c r i b e

I 
the sequence of ope rations and the time dependent s c h e d u l i n g

of events w h i c h  a r e  required for a p d r t i c u l a r  r e c i e v e r

mode In a sense - the RSC is a programmable ent it y . the

pro gramm ing of w h i c h ,  for each mode. i~~ p r o v i d e d  b y a task

system d e s c r ip t i o n ,  w h i c h  is ~n te~~pr e t e d  at e i e c u t i o n  time

( — 
b y the

The control structu r es i m p l e m e n t e d  in the RSC are

described in the fo low i ng subp ara g ra~~hs The m nenom ic

names i n d i c a t e d  are a s s o c i a t e d  ~& i t b  t h e  MV~~[ i m p l e m e n t a t i o n

of  the RSC and are not c r i t i c a l  ~o the ope ration of the

RSC Cont rol structu res of i n d z v * d u a ~ t ypes have been

grouped into data sets f o r  ,a%e - -~ maintenance , but the

g rouping is al s no t  ~- e q u l - e d  f o r  ‘~~~. o p e r a t i o n

The task system d e s c r i p t i o n s  in g r a p h i c a l  form are

f included an A p p e n d i i  r

1 
3 1 3 1 1 P1od,f5e~~u,nci ~,j tgji. t i c r

The mode c ommands which the RCSS r e c e i v e s  from Master

I Control are used to m dci i n t o  a Sequence S p e c I f i c a t i o n
I

Li n k a g e  Table. REASSP REASSP is constructe d as follow s

I 
PAGE 51
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I

I REAOO I DATA RE Ba s i  SST pointer
DATA REB u s  SST poi nter
DATA REB u s. SST pointe r

DATA REBu s SST pointer

I
Each entry points t o  a Sequence S p e c i f i c a t i o n  Table (SST )

I included in t h e d a ta  s e t  REBSST A z e r o  e n t r y  r e s u l t s  in

I 
the receive r being reset An SSI is a c o l l e t t i o n  of

pointers to Service Re que st Tabl e s (SRI’ s) The SST ’s are

I 
c o n s t r u c t e d  as f o l l o w s

REB .u. DATA R E C u u i  SRI pointer
DATA REC us s SRI pointer

DAT A REC .i’ SRT po i n t e r
DATA 0 end of t a b l e  i n d i c a t o r

An SST, then , li s t s  the ~,4 T  ‘s w h i c h  are to be processed by

the RSC for a g iven mode In some cases (e g Fi rst SV

I A c q u i s i t i o n  mode. Subseq u ent ‘V A q u i s i t a o ’  mode and Almanac

A c q u i s i t i o n  mode ) the same ~~“ T  i s invo k ed for more than one

comm anded mode (refer t o  the data set REASSP )

The processing of th e 957 a s f i r s t  i n i t i a t e d  by R I X C C P

when a mode command is received fr”’- Master Control

‘ Further processing of  the ~- 5 T  o c c u r’ . when an SST p r o c e s s i n g

SRB is proc e ssed (c S paragraph 3 1 3 1 1 6)

i
3 1 3 1 2 Serv ice ReQutil Liklii

I The central structu r e t h r o u g h  w h i c h  t h e  b e h a v i o r  of the

I ~~~~ is d e s c r i b e d  is the Service Request Table (SRT) The

SRI’s are implemented in the data set RECSR T RECSRT is

PAGE 52
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I
co nstructed as follows

R E C u u a  DATA R E D u s u  SRH p o i n t e r
a DATA RED u u s  SRB pointe r

I DATA RED zxx SRB poin t e r
DATA 0 en d of table i n d i c a t o r

I An SRI. then. describes the Service Request Bl o c k s  (SRB’ s)

which are to be invoked for a p a r t i c u l a r  receiver function

SRI’s are used in the c o n s t r u c t i o n  of  551 ’s and various

I other control structu res. f o r  ex am p le . the pre—a c ti v ation

SRI pointer w h i c h  may be s p e c i f i e d  in t h e  task a c t i v a t i o n

I SRB This requi res that SRI pr o c e s s i n g  be recursive , since

I 
the processing of one SRI may r e s u l t  in the processing of

another SRT Recurs ion is supported to the depth spec i fi ed

i ~n the data s e t  RE UC T U

Cert ain f u n c t i o n  d e s c r i p t i o n s  w h~~ch are  used in

I 
m u l t i p l e  sequences ha .e been d e f i n e d  as “~~r i m i t i v e s ” T h ese

p r im i t i v e s  have SRT’s w h i c h  may be in v o k e d  i n  t he Seq u e n c e

I S p e c i f i c a t i o n  T a b l e s  of m u l t i p l e  modes  as required

E s amp l es of these f u n c t i o n s  i n c l u d e  VCXO Ca l i b r a t i o n .  Noise

cali bration. etc

I
3 1 3 1 3 Servic.e 

~.iii,i1jjt

The basic programmable element a v a i l a b l e  to t as k s y s t e m

descriptions is the S e r v ice Request Block (SRB) The

f o l l o w i n g  su b p a r a g r a p h s  d e s c r i b e  the SRB ’s fo r  w h i c h  s e rvice

I 
request processors have been provided
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I 3 1 3 1 3 1 ~4ardware P l p d m f I c a t a Q n  _ _ _ _ _ _ _

I 
The hardwa re m o d i f i c a t i o n  ser .- i c e  is p rovided by the

module R2XHNP Thi s service allows the task system

I description to modif y the state of the MVUE rece iver . It

proc esses a service request b l o c k  of the followin g forma t

$ REDs.. DATA R2XHPIP po ints to ser- i ce request processor
DATA REHuu. points to M o d i f i c a t i o n  Control Record (MCR )
DATA <add ress) p o i n t s  to data t o  be output

I The hardware m o d i f i c a t i o n  serv i ce request invokes the

11CR in order to output the data pointed to by the data

output pointer to the hardwa re at a CRU address defined by

( the 11CR The MCR s are small s e c t i o n s  of eu e c u t ab l e  code

in c l u d e d  in the data set REHMC R The data ou tpu t  is

s e l e cted f r o m  the ROM c o n s t a n t s  in tN-c data se t  RELTRL or

from RAM variables as appro p r i a t e .  e g SV code selections

The NCR ’s are d e s c r i b e d  below

Outaut MQ~~UIV T 1 q~~k !~~~ CQfltrQI (S RE~H0QL!

This NCR con t r o l s  output m o d u l e  t i m i n g  One b y te o f  data is

o u t pu t

Bit ~ (MSB ) c ontrol s c u i t c h  I-i on the output module.

selecting sample and b o l d  input to the A/D converter A one

selects sample and hold 2 w h i l e  a zero selects sample and

hold I (Refer to the Interf a ce Control Document. T.sas

Instruments draw ing 2008917, fo r .s d e s c r i p t i o n  of switch

‘ 
functions

Bit 6 controls swit h C on the output modu le

I controllin g the input to sample and h o l d  2 A one s e l e c t s

the data mu l t i p l e u e r  se l e c t i o n -  w h a l e  a zero selects the

I PACE 54 ~~~
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I
output of integrate and d u m p  2

Bi t  5 controls switch on the output module ,

controlling the input  to  i n t e g r a t e  and dump 2. the

1 non—inverting argument of the d i f f e r e n c e  a m p l i f i e r ,  and one

argument of the summing a m p l i f i e r  A one selects narrowband

I channel 3 correlation w h i l e  a zero selects narrowband

channel 2 correlation

Bit 4 controls sw itch E on the o u t p u t  m o d u l e .

I c o n t r o l l i n g  the input to t h e  inverted argument of t h e

difference a m p l i f i e r .  th . second argument of the summing

I amplifie r and the t h i r d  i n p u t  for int eg r .ite and dump l A

one s e l e c t s  n a r r o w b a n d  c h a n n e l  .~ co rrelation w h i l e  a zero

I s e l e c t s  narrowband c h a n n e l  1 c o r r e l a t i o n

I 
B i t s  3 and 2 c o n t r o l  t h e  i n p u t  t o  i n t eg r a t e  and dump 1

a two iele ts the output of s w i t c h  E. a one select s the

I ou tpu t o f the d i f f e r e n c e  a m p l i f i e r  and a z er o s e l e c t s  t h e

output of the summing a m p l i f i e r

I Bits I and 0 cont r ol the t i m i n g  of the integrat e and

dump and the sa m p l e  and h o l d  c i r c u i t s  A two s e l e c t s  5

m i l l i s e c o n d s ,  a one s e l e c t s  ~() m i l l i s e c o n d s  and a zero

sele cts C/A epochs ( I m m l l i s e c ’ond) Th e t i m i ng  s e l e c t e d  for

the output modul. is also used to control the t iming of the

I code generator advance/retard c l o c k ,  w h i c h  is controlled in

I 
the ~ 1t~~ t h r o u g h  t h e  E l ON

Coda Generator Moduli Qwtev.t Reaister Q !!IEHQQ2I

This NCR controls the code injection to the narrowband

modules Five bits of data a re o u tp u t  f rom the b y t e  pas sed
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to REHOO2

B i t s  4. 3 and 0 (0 be ing  the least significant b i t )

control code injectio n for ‘-arrowband channel 2. A z e r o

selects C/A early, a one sel ect s P early , a two selects C/A

late . a t hree s e l e c t s  P l ate a four or f i v e  s e l e c t s  C/A

prompt . and a s i s  or seven s e l e c t s  P p r o m p t

Bits 2. 1. and 0 c o n t r o l  c o d e  i n j e c t i o n  f o r  narrowband

channel 1. wit h the s e l e c t i o n  codes correspond in g to those

f o r  c h a n n e l  2

Cod. Generator Modult Qç~~~~j R,QAjt~~j j (REHQ !~~~~

This 11CR cont ro l s code inj ec tion to th e narrowband modules

Bit selectio ns are t h e sa m e as for R eg i s t e r  0 (REHOO2 ) The

two r e g i s t e r s  are alternately selected w h vn code flop is

e n a b l e d

P4irrowband i. ~~ç S,I,s tj~~~n ~~~ QQ~’J
Thi s 11CR contro ls s e l e c t i o n  ~ f the ACC tam. constant for

narrowband channel 1 he least s a g n i f i ar t b i t  of t h e b y t e

p o i n t e d  to b y t he  SRB is passed t o  t h e  hardware . the other 7

bi t s  are i gn o r e d  A zero in t h e  LSP ‘-c ’2. c t s a 40 m i l l i s e c o n d

AGC tim e constant. w h i l e  a 0 - c  s elects a 1 second time

co nstant

Narrowband 
~ ~~QS. Select ion (RE ~ Q05)

This NCR controls sel e ction of  the ACC time constant for

narrowband channel 2 The least s i g n i f i c a n t  b i t  of t h e  b y t e

pointed to b y the SRB is passed t o  th.’ hardware . th, other 7

bits are ignored A ze ro in the LSB s lect s a 40 mi llis ec ,nd

ACC time constant . wh i l e  a one selects a I second time
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i constant

Wideba n~ ‘~2Q. S e le c t i o n  L1iLt±Q~&L

I This NCR controls the s e l e c t i o n  of the  ACC time constant for

the wideba nd modu le  i l at s  I and 0 a re  t r a n s m i t t e d  to the

hardware . the ot her 6 bits  are ignored A one s e l e c t s  a 1

1 millisecond ACC time constant w h i l ,  a two s e l e c t s  a 2 second

AGC time co nstant Thi % 11CR assures that at least one time

c o n s t a n t  c o n t r ol  l i ne  is  alwa ys on (a m a k e — b e f o r e — b r e a k

i strategy )

Ca l ibrat i on  ~~~~ Cgr~t ro l  ~.~2Q1!

I This NCR controls the Costas loop tr .sc ki n q The least

s i g n i f i c a n t  b i t  of  the b y te passed b y the SRB is  used. the

other 7 a r e  ignored A value oi one c a u s e  th e  loop to be in

the c a l i b r a t e  mode. w i t h  the frequenc y synthesizer being

co n t r o l l e d  b y t he  VCXO s e t t i n g  o u t p u t  by t h e p r o c e s s o r  A

val ue of  zero closes th e Co sta s loop usin g error feedback

f r o m  a n a r r o w b a n d  mod u le  to  c o n t r o l  t h e f r e q u e n c y

sy n t h e s i  icr

Cot, Qerer.tQr ~jj j~

Thi s  NCR causes a code gen e r a t o r T p 5 p t Th, data p o i n t e d  to

by t he SRB is i g n o r e d

CQdI Q.tn,r.tor Start .i.~~L~~~ Q2)

This 11CR causes t h e co d e g e ne r a to r  to  s t a r t  T h e d a t a

pointed to b y the SRB is igno red

~~~~~ Code Selection Loadino (RE~10I0)

I T h i s  11CR outputs the 6 least s i g n i f ic a n t  b i t s  of  the b yte

passed b y the SR8 to the cod . generato r to select the C/A
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I
code for the desired SV Refer to the data set REFCDE for

the a p p r o p r i a t e  code f o r  each  SV

e. Co d e Genera tor 
~~~~~~ 

(REHO1I)

i 
This NCR resets the P code generator The data byte passed

b y t h e  SRB is ignored

I e c.att Selection Loidino REHQ12

This NCR outputs the 6 l e a s t  si gnifica nt bits of t h e b y t e

I pointed to by t h e  SRB to the P code generator to  select the

a p p r o p r i a t e  P code for  the d e s i r e d  SV R e f e r  to  the data

set  REFCDE f o r  the data to  be o u t p u t  f o r  eac h sv

I 3-State ~~~j  Contro l (REHOI3)

Th i s  11CR is used to select the state of  the 3—st ate bus.

I The least s i g n i f i c a n t  b i t  is used the other 7 bits are

i gno red  A value of zero enables the bu s . w h i l e  a one

d i s a b l e s  it

1 Gutaut Nodvl~ Data  Selection Control (REHQI4)

This NCR selects the narrowband channel from which data is

I to  be recovered Bit s 1 and  0 are us e d . t h e  6 m o s t

s i g n i f i c a n t  b i t s  are i gno red  A va lue  of zero i ndicates

c hannel I w h i l e  a value of two indicates channel 2

I Code  Floo Control  ( RL.H0l5)

This NCR is used to select the mode of code flopping Bit 0

I (LSB ) is used. the other bits are i g n o r e d  A valu e of

I 
zero stops code f lop and causes the code generator to use

register 0 to determine code outputs t o  the narrowband

i modules A value of one enables code flop , c a u s i n g  the code

generator to alternate between output r e g i s t e r s  0 and 1
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I
I R.taiwi Filte r CQnttQi II~LHQ1P

This 11CR is used t o  s e l e ct  ~he c e n t , ’  #req enc y of t h t~

b a n d p a s s  f i l t e r  in the wideband m o d u l e  h i t  0 (LSB is

I used . the other 7 b i t s  are  ignored A ~alue o f  z e r o  s e l e c t s

Li w h i l e  a value of one se l e c t s  ~2

I Built La T,it MQ dvl , fttitl 1~~~HQI ?,~

T h i s  NCR resets the B u i l t  Ii ie st m o d u l e  The data p o i n t e d

t o  by the SRB a s  ig nore o

I ~~LLLt La Lt~~1 Pig1~~li 1~~~~ tj~n Cgiit~r~~i

T h i s  NCR is  used  t o  c a b l e  o ’ e  o~ t h e  t w o  P~- o u t p u t  s i g n a ls

1 a v ailable from t h e  B u i l t  In T est - r i d u l ~~ The ) lea st

s i g n i f i c a n t  d a t a b i t s  are used. ‘1- e ~ - most s i g n i f i c a n t  b i t s

I are igno red A value of zero s e l e c t s  n o  s i g n a l .  a value of

one s e l e c t s  the w i d e b a n d  m o d u i e  t e - ,t s i g n a l  and a v a l u e  of

t h r e e  s e l e c t s  the na’-~’owb and e ct s i g n a l  ‘lAFo ) Note the

230 kHz output to th . range r a t e  c o u n t e r  is enabled when

e i t h e r  of  t he Rf o u t p u t  s i q ~- -~ l~ is selec ’.’-~

~ j il ~ La ~~~~ 1t ~5555 t r t (H~~ 4K,i 1 - ’
~

T h i s  NC R starts the b u i l t  an ¶est m - )-1 u~~e Th e data p o i n t e d

to b y t h e  ‘RB is i gn o r e d

Q ~~ jtc h ~~~~~~~~~~~~~~~~ I - ~ 1HQ~’O~

T h i s  M 5 5 P  is used to  c o n t r o l  t h e  0 s w i t c h  f o r  narrowband

channe l  3 Th~~ l e a s t  s i g n i f i c a n t  b a t  i s  us e d .  t he  o t h e r  7

r b i t s  are ig nore -i A value of zero closes the 0 switch w h i l e

a v a l u e  o- one opens it

I Swttc.h Control . ~T44 rr QWbafl4 _ _ _ _ _ _

This  11CR is used t o  c o n t r o l  the 0 swi ch for narrowband
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c h a n n e l  2 T h e least s i g n if i c a n t  b i t  i s  used. th e  other 7

b i t s  ignored A va l ue of  zero closes thi- 0 switch w h i l e  a

v a l u e  of one opens it

~~~~.ç. Control Sele tion. N,Ij-rg~~~ pnd 1 (R ~~HQ~~2)

Th is NCR controls whether the A~ c o n t r o l  f o r  r a r r o w b a n d

channel 1 is e i t e r n a l  or i n t e r n a l  T h e  least s i g n i f i c a n t

b i t  is used . the other b a t s  are i g n o n e d  A value of zero

s e l e c t s  e i t e r n a l  w h i l e  a v a l u e  of on.’ se e c t s  i n t e r n a l

.~_jc. Cont~ g~ Selection ~~~ .~ ~ Lj1(). i

This 11CR c o n t r o l s  w h e t h e r ’  t h e  AG ( ’ c o n t r o l  for narrowb and -j

channel 2 is ezt .rnal or int ernal T h e  lea st s i g n i f i c a n t

b i t  is used . the o t h e r  ‘ hi ’ s a re  i g n o r e d  A va lue of z e r o

s e l e c t s  e t t e r n a l  w h i l e  a vJ~~ue O~ one s e l e c t s  internal

ii C.at~ S e l e c t i on C~ j~~ ro~ ( R~~H(?.~4 )

Thi s NCR c o n t r o l s  the I ~ - d e  The lr~~s ’ s i q n i f i ca n t  b i t  is

used . t he  other ~ b i t s  are i~~~~- r ed  A ~.il ue of z e r o

d i s a b l e s  I code ~~h i 1 .  a valu e c+ one coat le s  i t

TRANSEC S,l, ti~~n C p o t r u i  ~~~~~~~ -

T h i s  NCR c o n t r o l s  the s e l e c t i o n  of ~~~AN~~F (~ P c  l eas t

s i g n i f i c a n t  b a ’ as used t~~
-e o~~hei 

‘ I a ’s are ignored A

v a l u e  of z e r o  d c — s e l e c t s  T~~A N~~CL w h i l p  a va lue of  on e

selects it

Ranae ft.t, Count t ’  La~i~~t ~LI.~~1aQ ’ ~~~~~~~~~~~~~~~~~~~~

t h i s  NCR s e l e c t s  the input s i g n a l  to the ran ge rate

counte r ~
‘he least s i g n i f i c a n t  b i t  is used. th. other 7

b i t s  are ignored A value of zero selects the 230 kHz

si gnal from the BITE module. w h i l e  a value o f  one se l e c t s
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the 230 kHz sig nal from the frequen cy synthes i zer T h e  B I T E

module signal is  used for ~~lRRM . w h i l e  t h e  f r e q u e n c y

systnesi ze r signal is used at a l l  other times

Wideband Att e nqaItQL ~gntriJ. ! ±~Q~~L± —

Th i s NCR c o n t r o l s  the s e l e c t i ) r  o~ the wi d .t- and attenuator

The l e a s t  s i g n if I c a n t  b i t  i s  u s e d .  th e  other 1 b i t s  are

ig n o r e d  A - a l o e  of  z e r o  s e l e c t ~ 0 dli a t ’ e n - a t i o n  w h a i p  a

.a-Lu e of one sele ts ~ O dli a t t n- , .t i o n

~

r

~

tQueflclL ~ Mji~~N, .% i i tr L1J 1~ - r  . ( F
~P-~ç:H ’

This NCR controls the b i s i c  ‘ ‘e q - e n c y  of the frequency

synt hesi icr T h e  l e a s t  s 1 ~ f l i  + ican ! b i t  . s used. the other 7

b i t s  are ig nored A v a lue o~ :e’o s e l e c t s  1 1  w h i l e  a v a l u e

of one s e l e c t s  L..~

X j

~ 

~ g..tt ~ ç I ~~ ~~~ ~~n

T h i s  Mt.i-~ cont r o l s  t h e X l  c o d e  ‘ Np l,.+st s i q n i f i ant I s

u s e d -  t h e  o t h e r  ‘ b i t s  .‘e  i g ~~~o n . - 1  A . al u e  of  one selects

Xl c ode w h i l e  a ~- a l ue of one ~e s e . t s  i i

Rjj~.~ S ,rn,,~ j.t An d ‘4 o l I  ~ a ’  c - _ i t  ‘~~

T h i s  PIC P r e s e , . ‘h ~~ sample and h o 1~, c i r c u i t s  in the output

m~,~~u le The data p o i n t e d  to t- t’r e - - ‘-‘B i s  i g n o r e d

3 1 3 1 3 .‘ ~~ wJr_J c~ at ~~~~ ~ t~~~i~~e

The softwar . m o d i f l c 4 t i r’ s e r v i c e  a s provided by

R2XSMP It allows the tash system d e s c r i p t i o n  to transmit

data f r o m  one location in memory to anothe r , as w e ll as

p e r m i t t i n g  t h e  c a l l i n g  of subroutin .s fc ~r those cases whi c h

require more c oispl ei or faster p r o c e s s i n g  The service
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I
request b l o c k  and the a s s o c i a t e d  tab ~~es for software

m o d i f i c a t i o n  have the following format

RED aii DATA R2XSNP PPT
DATA REI~~i . “DAT A R E J i i j  ~DATA Sourr,~~ Addr
DATA RE~~i i a- - - - -  D A T A  R E Ji i i  DATA Dest Addr

DATA 0

• 
~DA TA R.~ii.i
[ A T A  R.’i a i i

DATA 0

The s o f t w a r e  m o d i f i c a t i o n  S~ B poi ’ - ts to !~~~ t a b l e s  (e i t h e r

pointer may be n- u i I ) T h e  • , ‘-st tahl. i s the pair pointer

ta ble (PPT) t p ’ -r vid e -. a i s t  o~ ~oan t .r s to transmission

s p e c i f i c a t i o n  pai r ( + 1 )  p o i n t e r  !ab l e ~ Th ose tab l es in

turn , p r o v i d e  sou’ c and l v . t i n a t or a d d r e s s e s  T h e  se ond

t a b l e  is the .r -t r y . e - t O r  p o i r - t e r  -.‘
~~

“ ) t a l e It p r o v i d e s

a l i s t  o1 ent ’ y p o i n ~~c o’ s h t o u ! i v r p s  w h i c h  are to be

in- y o k e l  as a pa r ! o+ th e so i r. m o d i f i c a t i o n  r e q u e s t

~‘ote t h at  t h e  P P T  a- ‘‘. £ V ~ ’ ta t - l.s ar e of v a r i a b l e  length

and are t e r m i n a t e d  by  a r n - I l  p o z r er

3 1 3 1 3 ~ I.Lu ~ciL~ail9r~ ~.a”~ JS.~t

The task a c t t ~~a tio n  ‘er sic , i s  p r o v i d e d  by R2XSAS It

allows a task syste m d e s c r i p t i o n  ! -  a c t i v a t e  t~~sis w h i c h  are

ei ther cont rol l .r local or M .’UF g l o b a l  tasks The S e r v i c e

R equest B l o c k  (SRR) and the associated table fo r  t a s k

a c t i v a t i o n  have th .  f o l l o w i n g  forma t
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,

REDii a DATA R2XSAS ACU

I 
DATA RE Gsii -— — -- -- - --)DATA R E C i a i  p r .- a c t  SRT pointer

DATA REN a a s  TAR pointer
DATA R E C azi  post—act SRT p o i n t e r

I The task a c t i v a t i o n  SRB p o i n t s  to  an Ac t i v a t i o n  Control

Blo ck (ACB ) The first entry in the ACH is a pointer to a

I pre—acti v at ion Service Request Table (SRI) w h i c h  p r o v i d e s  a

list of pointe rs to SRB ’s w h i C h  are to be i n v o k e d  p r i o r  t o

the a c t i v a t i o n  of the task The cit e n t r y  is a pointer to

a Tas k A t t r i b u t e  Record (TAR ) Refe’- to paragraph

3 1 3 1 4 1 f o r  a d i s c u s s i o n ’ - o f  TAR~~S The f i n a l  e n t r y

I points to a p o s t — t e r m i n a t i o n  ‘RT . w h i c h  id ~~ r t i f i e s  s e r v i c e s

to be invoked after the task term inate s he pre - a c t i v a t i o n

I and p o s t — t e r m i n a t i o n  SRI po i n t e r s  m ay be n u l l .  in w h i c h  c a s e

no a c t i on is t a k e n

3 1 3 1 3 4 Tait cinctI~it ~~~ ~t’” •

The t a s k  c a n c e l l a t i o n  se’ .ac e a s  p ’ - - .- i d e d b y R2XSC S

It allows a tas i system d e s c ri p t i o n  ! -  c a n c e l  t a sks w h i c h

are e i t h e r  c o n t r o l l e r  local o’ ~‘~ - l  g l o b a l  tas ks The

Service R e q u e s t  B l o c k  (
~~~B) for ta si a r c p l l a t i o n  has the

f o l l o w i n g  f o r m a t

RED s,. DATA R2 ISCS
DATA R E Na ’ .  TAR p o i n t e r

I
The task c a n c e l l a t i o n  SRB p o i n t s  to  an Tasi A t t r i b u t e  Record

I (TAR ) R e f e r to p a r a g r a p h  I ~ 1 4 I for a discussion of

TAR S If t h e  s p e c i f i e d  task is nn t a c t i v e ,  no action is
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I
ta k e n

3 1 3 1 3 5 Time D.nendent Event Sch ed uli n g Ser~is_t

The time d e p e n d e n t  event s c h e d u l i n g  s e rv ice is provided

by R2XTES It a llow s a task system d e s c r i p t i o n  to request

f the processing of a S e r v i c e  Reque..t T~.bl.e at some f u t u r e

time w i t h  r e s p e c t  to the c l o c k  of th • RSC The proce ssing

may e i t h e r  be s c h e d u l e d  to be s y n c h r o n i i e d  w i t h  some event

c y c l e  t i n  5 m i l l i s e c o n d  r a t s )  or ‘o o c c u ’  o n c e  at some time

(in S m i l l i s e c o n d  u n i t s )  from the current tim e The SRB and

the a s sociated t a b l e  ha ., th e  f o l l o w i n g  fo r m a t

RED s.. DATA R2XTES
DATA REMSC B )I)A A ew err t c y c l e  time >

DATA - o ff set i r S ms units-
DA TA RUC .,, SRT pointer

Th . tam e dependent ev en t s c h e d u l i n g  SRB points to a

S c h e d u l i n g  C o n t - o l  i l l oc k (“, ‘ j 4 ) w h i c h  contains three

p a r a m e t e r s  The f i r s t  pa ’amete r i s the le n gth of the event

cy c l e  (in S m i l l i s e c o n d  u n i t s )  w i t h  w h i c h  s c h e d u l i n g  is to

be s y n c h r o n i ze d  I~ the •v.nt a s non—per i o n i c ,  the contents

of this word is 0 lIr e second parameter is an offset in

u n i t s  of 5 m i l l i s e c o n d s  w h i c h  is to be a p p l i e d  to the

computed event tim e. a l l o w i n g  the r e l c at a on of an event

with r e s p e c t  to its period The last word points to an SRT

w h i ch a s  to be invoked at  t~~e c a l c u l a t e d  event time The

SRI d e s c r i b e s  the event in terms of servic , r equests

The event times are c a l c u l a t e d  from the SCB da ta  as
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I f o l  lo ws

I 
(1) C y c l i c  1.- s i t s

Ic a (LI ((Tc—I ’.)/C)- 1 .C.4’~ wher e k~<C and C< cl ock modu lo

I (~~ ~~~~~~~~~~~~ Events

Te — Tc+~ where ~‘ , ( )

De f m t  ~

C — C y c l e  p e r i o d  an 5 ms units

a Of fset in S ms units

Ic • Current time i n  S ms units

Te — F vent time in 5 ms uni t s

LI a Least integer f u n r r t i o n  is’ s m a l l e s t  i n t e g e r  a argument

3 1 3 l 3 6 Seauenct ~9tc m~~jçat&~~n Lt~fl !rg ,ssinQ Servi~.i

The Seq uence S p e c i f i c a t i o n  Table (SRI) processin g

service as p r ovided b y R2XSSP It a l l o ws a t a sk sys tem

d e s c r i p t i o n  to i n i t i a t e  p r o c e - .sing of the ne st entry in the

SST Re fer to para grap h I 1 1 1 1 f o r a d i s c u s s i o n  of

SST ’s The SRB has the f o l l o w i n g  f o r m a t

SRB
RED.., DATA R2XSSP

The 591 pr o c e s s i n g  s e r v i c e  is t y p i c a l l y  invoked as pa rt of a

post termination SRI for a task w h i c h  requires that it

c omplete be fore p r ocess ing Continues

1 3 1 3 1 3 7 
~,g 

Qatration _______

The no operation serv ice is p r o v i d e d  b y R2XPIOP It
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allows a task s y s t em d e s c r i p t i o n  to issue a s e r v i c e  request

which result in no action bei ng taken It serves diagnostic

purposes and is not used in the final software The SRB has

the f o l l o w i n g  format

~RB
REDs. a DATA R~~X N0P

3 1 3 2 3 8 PQ,t-t,r,A~~~jA~~~ ProC,IIrr!9 C.r,~~efl.tiQn Servaji

The post terminati on c a n c e l l i n g  se r v i c e  is p r o v i d e d  by

R2XCPP It a l l o w s  a task system d e s c r i p t i o n  to cancel the

post te rm ination p rocessing for a task which was started by

an e a r l i e r  task a c t i v a t i o n  s e r v i c e  request The Service

Req u e s t  B l o c k  (SRB) for post term inat ion processing

c a n c e l l a t i o n  has the f o l l o w i n g  fo rmat

RED. i i  DATA R ? X C P P
DATA RI~N ,a. TAR p o i n t e r

The t a s k  c a n c e l l a t i o n  SRB p o i n t s  to a Task A t t r i b u t e  R e c o r d

(TAR R e f e r  to paragraph 3 1 3 1 4 1 for a discussion of

TAR’S This serv i ce is t y p i c a l l y  used after a task

t e r m i n a t e s a b n o r m a l l y  and p r o c e s s i n g  o~ t he p o s t — t e r m i n a t i o n

Service Request Table is not  appropri ate

3 1 3 1 3 9 ~3(~PRA Cal1in~ ~LtiALV

The X3 (RRA c a l l i n g  s e r v i c e  a s  p r o v i d e d  b y R2X ERR It

a ll ows a task syste m d e s c r i p t i o n  t o  invoke the esecutiv .

error reporting routine The S e r v i c e  R e q u e s t  B l o c k  (SRB )
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for X3ERRA c a l l i n g  has the f o l l o w i n g  format

I REDa ss DATA R2XERR
BYTE <er ror code ’j BYTE <argument c o u n t’
DATA d a t a  a d d r e s s ” •op t iona l -.
DArA data a d d r e s s o  •optaoraal•
DATA -d a ta address ) •op t i on ale
DATA data address ) •optaon al •
DATA data address ’ •optaonal .
DATA - d a t a  a ddress , ’ ‘opt a ona l *
DATA data add r ess ’ •opt ional~

The X3ERRA c a l l i n g  SRB p o i n t s  to arguments w h i c h  are then

passed to X3ERRA t o  report a processor error to the

e secutive The occ u r r e n c e  of t h i s  s e r v i c e  request indicates

an error c o n d i t i o n  w h i c h  cannot be ha n d l e d  b y th a’ RCSS

3 1 3 I 4 T g~~k ~~j~~~ T~j~~~yj( T~~~~ç t u r ~~~ ’

Each task w h i c h  is c o n t r o l l e d  by the RSC is described

in the tas k s y s t e m  d e s c r i p t i o n s  t h r o u g h  sr era l structures

The follo w i n g  sub p a r- agrap h s d e s c r i b e  those structures

3 1 3 1 4 I Tas% ~~~L~m~~ it ~tco rd~
The Task A t t r i b ’,- t e  R ecord (TAR ) is u ’rd to d e s c r i b e  the

fundamental •ttrib u t e s of a l l  t a s k s  c o n t r o l l e d  b y the RSC

More than one TAR may be provided for a particular task.

since diffe r ent invokations of a task may require different

attributes. e g . comm unicatio n s t r o c t , res . TAR s are

imp lem ented in the RO~ data set RENTAR They are structured

as f o l l o w s
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I
RENas. DATA <communication control b l o c k  address)

DATA (entry vector address )
DATA :status block addr e ss ’ (REX ass )
DATA <task attribut .

The first entry in the TAR is a pointer to a

Communication Control B l ock (CCB) I~ t he task a s  non-local

or if no c ommunication structure is requi r ed for the task.

this entry is zero

The second entry points t o  the task’ s entry vector If

the task is n o n — l o c a l  t h i s  e n - try is zero

The t h i r d  entry is a p o i n t e r  to  a status b l o c k  for the

task It is p r o v i ded for bot h loc ., l and g l ob a l  t a s k s

The last entry is z e r o  for local ta s k s - but for global

tasks points to the task t h r o u g h  the c i e n u t i v e  The entry

w i l l  be the mnemonic name of the ta ss w i t h  the RI replaced

b y RD i n o r de r  to p ro~~ad e p rop er c o m m u n i c a t i o n  with the

e .ecut ive subsystem

3 1 3 1 4 ..‘~ C9~~ J~Y1~
j ~~~~ O~~ ~tr ad,L1h~rll

Th i s  f a c i l i t y  i s  p r o v i d e d  to a l l o w  local tasks to

communicate with the RS. ~n or d e r to i n d i c a t e  actions which

are t o  be taken upon t h e i r  t .rminat ion or any other that

they require c o m m u n i c a t i o n  services or need status messages

to be t r a n s m i t t e d  to the Master Contro l Subsystem A task

initiates the c omm unication with a c a l l  to R3CONPI Three

structures are provided in the task ,.tystem descriptions to

support the communication The first is the Communication

Control Bloc k (CCB) CCB s are prov ided in the RON data set

REPCCB Fo r applications which require m u l t i p l e  CCB’s in
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the same c ommunication structure the so ’tw ,sre m o d i f i c a t i o n

service is used to move the CCB to the RAM data set RETSCM.

which as then pointed to by that task ’ s TAR CCB’s have the

following f o r m a t

REP isa DATA -message a d d r e s s - ’
DATA “null mess age a d d r e s s  in MIT)

The first entry in the CCB is a poi n t e r  to the m e s s a g e

word whi c h  the task w i l l  use when it c ommunicates This

address is that of the  v a r i a b l e  RCEMOD fo r  most  tasks b u t

a l s o  takes on other values

The second entr y p o i n ts  t o  the n u l l  entry in a Message

Cont rol Li nkage Table (PiLl)

Th e MIT pro v i d e s  a l i s t  o~ addr e sses of M e s s a g e  Control

Bloc ks (MCB’ s) Each MC I3 d e s c r i b e s  the action which the

c o n t r o l l e r  sh o u l d  take for a p a r t i c u l a r  value of the mes sage

word The NCB which is set.c ted is determined by using the

address of the n u l l  entr y as a base add res s and the message

code times 2 as a r e l a t i v e  offset MIT’s ar, implemented in

t h e  RON dat a  set PERMI T They have the f o l l o w i n g  forma t

DATA RE Ssi. ‘MC D f o r  message v a l u e  -nI
DATA R E S i s t  ~MCB for mes sag . value — (n—I)>

REP... DATA RES... <MCI3 f o r  mes sage value 0>

DATA RESt .’ <MCB for  message value m-1)
DATA RESt.. <MCB for  message value ml

The MCD’s s p e c i f y the a c t i o n  to  be taken by the

c o n t r o l ler when the task i n i t i a t e s  a c ommunication NCB ’s

are imp l emented an the RON data set RESMCB MCB s have the
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I
following forma t

RESist DATA s~MCSS status message )
• DATA <SR T address )

DATA (termination code;’

The first entry in the MCB is t he  val ue w h i c h  is to  be

passed to the Master Control Subsystem The value is

t r an s f e r r e d through the data set REYRSI to RIXCCP . which

p a s s e s  it on to Master Control If no value is to be

transm itted this entry as zero

The s e c o n d  entr .5 p o i n t s  t o  an SRI w h i c h  is to be

invoked as a r e s u l t  of th— c om m u n i c a t i o n  If no services

are required. t h i s  entry is zero

The  t h i r d  e n t r y  c o n t a i n s  a t e r m i n a t io n  c o d e  fo r  the

c ommun i c a t i o n  A value of 0 c a u s e s  the process waiting

se rv ice to be i r ~~oked w h i l e  a valu e o~ —l causes the process

stopping s e r v i c C  to he ir~ l ed  Thus a c a l l  to RJCONN in a

task w i t h  a 0 in t h i s  entry i s e q u i v a l e n t  to a c a l l  to

R3WAIT . w h i l e  a — in this entry would he equivalent to a

c a l l  t o  R3STOP

Since g l o b a l  ta ’ks may r- ’~~t c a l l  P :3coMPl (they must use

the e. ec utive ’s wa i t i n g  and s t o p p i n g  cervices ) special

provisions must be made for commun i cation with the RSC

This communication is implemented with an Interface Task

Monitor w h i c h  is the local task R I X I T M  It i- s a c t i v a t e d

wit h a communi cation structure appropriate to the g l o b a l

task for which commun icat ion is desired RI X ITM then simply

invokes P3C O~~~~~ ev ery 3 mill i s e c o n d s  so that any value placed

in the tasks message word w i l l  cause the RSC to take
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I requir .d action Note that For this c ase the

I 
waiting/stopping selection affects R 1X ITM and not the task

which is being monitored If it is necessary to stop a task

I w h i c h  is being m onitored . the SRT w h i c h  is part of the

communicatio n structure sag i n c l u d e  a task c a n c e l l i n g  SRB

I
- 

3 1 3 1 4 3 Status St r u c t ure

1 For each task c o n t r o l l e d  b y the RSC . a Task Status

Table (TST) is a l l o c a t e d  The IS! entries are defined in

the RAM data set REXTST ari d are pointed to in the task’ s

TAR The format of the ‘‘,l ‘S are as follows

REX. .. BS S  .‘

I BSS

The f i r s t  entry ~n the 1ST conta ins the a c t i v a t i o n

status , 0 f o r  not a c t i v e  and non z e r o  for active If the

tas k is local the (ir st wo’l co~ an a c t i v e  tasks contains

the a d d r e s s  of the Task Pe~~c r i p t o n  B l o c k  (1DB )

The second entry c o n t a i n s  the a c t i v i t y status. zero if

the task is w a i t i n g  t o  be readied and non—zero i f  the task

is running

3 1 3 1 4 4 ~na~iac Tas k Control ~ ..t
r
~~~~~tvrt,,

Memory fo r  dynamic task c o n t r o l  s t r u c tu r e s  (task

I descriptor bloc k s , time event b l o c k s  and task status

up dates ) is allocated a n  the RAM data ct REUGLS The

I amount of memory allocated is determined b y  assembly time

constants contained in the data set R E W C T B  In it i a liz ation
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I

I of this storag. and the tash status t a b l e  d e s c r i b e d  above is

I 
pr o v i d e d  by R2X SIP. w h i c h  uses p a r a m e t e r s  from the data set

REETCP to  i d e n t i fy areas of memory to  be cleared or linked

Tas k Descriptor Blocks have the f o l l o wi n g  fo rma t

(successor 1DB address)
<p r e d e c e s s o r  1DB a d d r e s s >

I (TDB status>
(WP )
<PC>

I <ST >
U <TAR a d d r e s s ’

< p o s t — t e r m i n a t i o n  SRT address )

I The f i r s t  and second entries in the 108 serve t o  l ink

together 108’s for active tasks The entr ies are zeroed

w h e n s u c c e s s o r  or p re d e c e s s o r  t a s k s do not e x i s t  The third

e n t r y  i n o i c a t e s  w h e t h e r  th e  task is running (el) or

suspen ded (0) The Fo u r t h ,  f i f t h  and s i x t h  entries

describe the state vector of  the task when a t  last yielded

co n t rol  of  the p r o c e s s o r  The s e v e n t h  entry points to the

Task A t t r i b u t e  Record Th, e i g h t h  entry poi n t s  to the

post—term ination SRT, if any

Time Event B l o c k s  have the f o l l o w i n g  forma t

<successo r lin kage
(event time>
(event SRI pointer ”

The first entry serves t o  l i n k  together time event

b l o c ks i n t o  a time event queue R~~X T ES  calculates the time

at whic h a scheduled event is to occur and l i n k s  it in to  one

1 of two time event queues If the calculated time is les s

than the local c lock modulo (24000 five millisecond

I periods ), the event a s s o r t e d  into a p re—rol lover queue If

the calcu lated time is greater than the loca l c l o c k  m odu lt~’.
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at is sorted into a post-rollover queue When the local

c l o c k s e .ceeds the loc a l c l o c k  m o d u l o  ( r o l l s  over), the

queues are swapped The time event processor. R 2 X T E P ,  s c a n s

the time event queue ea c h  5 mi l l i s e c o n d s  to determine

whether it is tam. to process any evCnts If so. the

r e s p e c t i v e  SRI po inter is pr o c e s s e d

3 1 3 2 Seavence Q,sc !J ,&AO!i).

A receiver sequence i s  i n - i t  i~~ted when a c ommand a s

re ceived from the Master C o n t r o l  subsystem The mode

command causes the R SC t o  i n i ti a t e  p r o c e s s i n g  of  a Sequence

Sp e c i f i c a t i o n  Table The f o l l o w in g  subp d r agraphs de s c r i b e  H

the sequences w h i c h  i r e  e *ecut .d b y the RSC in response to

vario us mode c ommands

3 1 3 1 F j r jj ~V A ç p Q A s z t a Q ~n ~tgjLtPi
, (Moj~ ~~

The f i ’ s t  ~~ a c q u i s i t i o n  c e q u e n c e  x c  commanded  by

Master C o ’ t r o l  ~~h~~ n p r e c i s i o n  time (relative time o f f s e t

between CPS and User tim es ) ~s no t a v a i l a b l e  It c o n r i i st s

of the follow ing steps

(I) A mod. 2 co mmand is r e c e i v e d  from Master Control

(2) Rl ’CCP co p i e s  a i d i n g  data and i n i t i a t e s  the processing

of the sequence s p e c i f i c a t i o n  table R E B O O ~)

(3) The L I  frequency is selected

(4) RICAL is  e t e c u t e d  u s i n g  t h e  R l - A ~ p r i m i t i v e  RECO6O

T h i s  gene rates a linea r a p p r o t i m a t i o r  f~~r t h e fr eque n cy  vs

V o l t a g e  c h a r a c t e r i s t i c  of the VCXO
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I
(5) R1SET is exec uted u s i n g  th, p r i m i t i v e  RECO64 T h i s

p r

~~

m i t a v e  causes the search parameter manager. R2XSPM. to be

e x e c u t e d  in or .~er to  provide range rate a i d i n g  for  use by

R 1SE T and search parameters for R1SCH

(6) The C/A code generator is started usin g a

non—correlating C / A  c o d e  (SV “ 38” )

(7  RINSE a s  e x e c u t e d  using the p r i m i t i v e  RECO6O T h i s

esta blishes an estimate of the n o i s e  level in the

environment

tB ) RISCH is e .ecuted using the RISCH p r im i t i v e .  RECO74

RISCH uses t~’e search parameters set b y R2XSPM. which was

e x ecut ed b y t h e  RISE T p r i m i t i v e  T h o s e  p a r a m e t e r s  s p e c i f y a

fu ll (1023 c h i p ) C/A search. in s t e p s  o f  l 6 / l 7 t h ’ s of  a C/A

c h a p RISCH moves the l o c a i  c od e v S  t he s a t e l l i t e  code

un t i l  c o r r e l a t i o n  is d e t e c t e d  (1 35 n imes  the  n o i se

e s t i m a t e )  If c o r r e l a t i o n  is not d e t e c t e d -  R2XSPM and R1SE T

are invoked ag a in to i n i t i a t e  another (u l l  C /A search with

D o p p l e r  o f f s e t  of  -~~~c) m ete ’s per second f r om the a i d e d

value A second search c a i l i r e  causes another full C/A

search wit h  a d o p p l e r  of~~cet of ~20 ~- s  Sub s e q u e n t

failure s caus. alternate Doppler bins  to be s e l e c t e d  u n t i l

co rrelation is d etected or a sea rch timeout is d e c l a r e d  by

Master C o n t r o l  and another command is is sue d to the RCSS

(9) R1TRK is activated using the p r i m i t i v e  RECO79. with FLL

second order selected

(10) R1BSN is a c t i v a t e d  using the p r i m i t i v e  RECO84 R1BSN

resolves the a m b i g u i t y  as t o  the C/A epoch w h i c h  c o i n c i d e s
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1

with the data b i t  transition , a” order to be able to recover

data

(1 1 )  Data R e c o v e r y  a s i n i t i a t e d  using the p r i m i t i v e  RFC 1O3

Aftvr the barker cc,de i - s  f o und  b y RIDDT, R,~PCI4 v a l i d a t e s  t he

barke r code b y (1) c h e c k i n g  p ar i t y of the F o l l o w i n g  data

word and (2) c h e c k i n g  that the i— c o u n t  ‘ecover ed in the

handover word matches the time e n t e i r d  b y the op .ratur

w i t h i n  4 min u t e s  ~~~~~~ then passes da t a  words and word

i d e n t i f i c a t i o n  to Master C - r t r o l

(12) Handover word d a t a  is r a s . e d  t o  Master C o n t r o l  u s i n g

t he SRT RECIO4

( 13 )  M a s t e r  C o n t r o l  commands an ) T F  r’es~~nc t o  cause the

lo c a l FTF to co rr esp rd w i t h  GPS t i - r n .

( 1 4 )  Master C o n t r o l  c ommands h a n d o - ~e, t o  ‘ co de. by issuing

a mode 10 c mm,.nzi w h i c r  c a u s e ’  c f~ ( SS to  process the

Seq- e~-c e ‘;p e i f i c a t i o n  T able ~~II’
’-

(IS- ) kl Dr)T ~ c , m ~~ ..—1,d ‘ - o  .~~~. d4 ’a fo~ ‘- a n d o v e r

(16) RIRNC is ~ i a ~~ed i’  o r d e r  o p r o v i d e  range

meas u rements

( 1 7 )  F I P I N  i s  a c t i v a t e d  u s i n g  ‘ h e  p n im i t i . .. RECO94 RIPIN

ini t i a l i z e s  the P c~~i e t o  a s t a t e  t c c  c o r r e sp o n d  to the data

an the harido- ,,r word ‘ece x ~~pd ‘rOrn t i e  SV

(18 H,x ndover  is e n a b l e d  b y t i - p  ‘~~~T kI 03,’

(19) Nandover is commanded by R1TR ~ at t h e  s .xrt o f  a T LM

word in order to m i n i m i z e  the useful data lost in the

t ransition betwe en codes

(20 ) The r e c e i v e r  c o n t i n u e s  to re cove r data . execute range
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I measurements and perform P code t r a c k i n g  u n t i l  another

c ommand is r e c e i v e d  f ro m M a s t e r Co n t r o l

I

I 3 1 3 2 2 ~~ b isaw gj~~ ~~ A o u isit ion ~,tauenct (Node ai
A subsequent SV a c q u i s i t i o n  is commanded by Master

Control for i n i t i a l  C/A a c q u i s i t i o n  after the handover word

ha~ been a c q u i r e d  using a F i r s t  SV A c q u i s i t i o n  sequence

(Mode 2’) The sa me Sequence S p e c i f i c a t i o n  Tabl es (REBOO5

I 
and REBOOo I are used as for F .rst ~~ A c q u i ’. i t i o r .  w i t h  the

diffe ren ces b e i n g  c o d e d  i n t o  t h e  RCSS tasks Subsequent SV

f A c q u i s i t i o n  is i n i t i a t e d  by a m ode 3 c ommand From the Master

Control Subsystem The d i f f e r e n c e s  between first and

I subsequent SV a c q u i s i t i o n  are as f o ll o w s

(I) The c ommand to h a ndo -,~er  i s i s s u e d  b y R IXCCP i nstead of

- PiCSS

I (2) The ~a l a d a t i o n  of the ba n e’ code by R2PC~& uses the

l o c a l  ~ TF t o  c ompare against the r e c e i v e d  :—count instead ~ f

user inp ut time si °ce the l o c a l  FTF ~~~ been sync hr oni zed

with r e s p e c t  t o  ~~~ t i m e  d u r i n g  a P1 - - i .  ‘ a c q u i s i t i o n

I 3 1 3 2 3 
~~~~~ ftf ~tpiJ,p,s._1 ~Q55~

C’A r e a c q u i s i t i o n  is commanded by MC SS after the SV’s

I have been i n i t i a l l y  a c qui red and th ei r eph emeris data has

I 
bee n r e c o v e r e d  It is used t o  a c q U i r e  i-~~ C— A code u sing a

sPort C/A code peal search and obtain range and range

measurements , as a p r e l i m in a ry  t o p  r e a c q u i s i t i o n  It is a

seque ncang mode in t h at the entire sequence executes
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I w i t h i n  2 seconds The C/A r e a c q u i s i t i o n  sequence is

I 
in i t i a t e s  b y a mode 4 command F rom MCSS The f o l lo w i n g

steps make up the s e q u e n c e

1 (1) The L I  f r e q u e n c y  is s e l e c t e d

t2) R2XSPM and RISET are e x e c u t e d  using the p r i m i t i v e

I R1C064 No offset is a p p l i e d  to t h e  range rate a i d i n g

r e c e i v e d  from Nay

(3) RL PIN is e x e c u t e d  w i t h  t h e  ~ -
‘
~94 p r i m i t i v e  T h i s  sets

I 
the CiA code to the code p h a s e  alcu l a t. d f r o m  the a i d i n g

and precision time infor m ation p r o v i d V d  b~ nay

1 (4) R1TR~ is ac ti v a t e d  using the p r i m i t i v e  RECO79 R ITR~

e i e c u t l s  a code pea i s e a r c h ,  the length of  w h i c h  is defined

I b y R2XSPM (
~~0 s t e p s  of  16 /1 ~t h ’ s o~ a C /A c l i p  e a c h )  THE

I 
code is  then p o s i t i o n e d  at the code phase where max imum

c o r r e l a t i o n  was d e t e c t e d  RI’ I~~ then p e rf orms a coarse

ce nt ering ope ration and t r a n s i t i ’- ’-s to a s t e a d y  state

t r a c k i n g  mode

I (“ )  RIRNC is  s c h e d u l e d  u sin g the p r i m t t a ~~. i~I c1 l l )  The

a c t u a l  r a n g e  m e a s u r e m e n t  t a k e s  p l a c e  near the end of the 2

second interval d u r i n g  w h i c h  t h i s  mode is a c t i v e

I S- RIREC a c c u m u l a t e s  d i s c r im i n a t o r  data from RITR Ic f o r  use

in  the next 2 seconds by R IR PiO for i t ’ s v e r n i e r  range

com putation

(6) During the 2 second i n t e r v a l ,  if a range mea surement was

taken during the previ ous 2 seconds, it a s processe d.

validated an d made a v a l t a b l e  to Nay by  RIRMO

I PAGE 17
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I 
The P Re acquisition S e q u e n c e  i s t h e  norma l range

meas u reme n t sequence during the steady state operation of

I 
the MVUE The sequence is the same as for mode 4 (C/A

R e a c q u i s i t i o n )  e x c e p t  that P code a s selected and the code

I p ea k s e a r c h le n g t h is 18 s t e p s of 16/1 7 t h  ‘s of a c h i p  with

— 

nay a i d i n g  and 22 steps with sel f aiding (mode 4 uses a

constant 0 step s e a r c h )

3 I 3 2 ~ ~!C(~~u15Afl2I~. ~~ L?r~~tLL~ 
( M o d e  

~
j

I The P R e a c q u i s i t i o n  Sequ enc e—t,~ ’ is commanded in order

to a b t a i n  a range measureme nt at L2 w h i c h  is used by the

Navigation subsystem to c a l c u l a t e  ionos pheric delay The

seq uence is the same as for mod . 5 (P r e a c q u i s i t i o n )  except

that L2 is s e l e c t e d  and the RIRMC) st c r e s  measurement data in

the data set RN!ONS instead of  RNMEAS

j 1 1 3 2 6 ~~~~~~~~~~~~ L~1i1i ~ ~,1a~1 ~~gdi

Th. Ephemeris Update Sequ enc e i - s commanded in order to

recover a subframes worth of data d” ’in g stead y state

operation of the MVUE The a c q u i s i t i o n  ~.quence is the same

as f or  m ode  ~ (P r e a c q u i s i t i o n )  The difference is that

I data recovery is initiated after the s i g n a l  is acquired

Th. timing of the command is such t h o t  the sequence begins 2

I seconds before the start of the su b f ram e f r o m  w h i c h  data is

to be recovered Data is recovered for the subframe (6

seconds ) and then another c ommand is r e c e i v e d  fr om Master
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I Control The timing r e l a t i o n s h i p s  are e s t a b l i s h e d  b y  Ma s t e r

Con t ro l  and a re t r anspa ren t  to  RCSS

1 3 1, 3 2 7 Pjf.~ A~ i 11 t n c_i 
~~~~~

The new SV ac q u i s i t i o n  sequence ~s used to a c q u i r e  SV’ s

I dur ing  s t e a d y state using a sequential P code search It is

used because the range to the SV is not known with

I sufficient accuracy to acquire w i t h  mode 4 or mode S The p

I code is i n i t i a l i z e d  to  a p o i n t  w i t h  the code phase advanced

I S times the standard deviation of the error in range (—1 5

I sigma ) RISCH then s e a r c h e s  for correlation The c r i t i c a l

requi re ment for th i s  mod . as that the search must allow for

I being interrupted afte r two seconds and being resumed at

some time late r If t he s e a r c h  is i n t e r r u p t e d ,  it resumes

at a point 1, steps (1 6 / 1 - ’ of a c h i p  a part> overlapped with

I the prior two seconds (to a l l o w  f o r  SV m o t i o n  affect in g the

code phase ) If the sea r ch e x h a u s t s  813 steps (to +3 0

sigma ) a t  a s reset t o  -3 0 s i g m a  and the search is resumed

If co r relat i on is d e t e c t e d .  R 1 T R ~ and RIRNC ~re s c h e d u l e d  to

run 1195 m i l l i s e c o n d s  b efo re the end of the 2 second

j inte r v a l  If the t i m e  at w h i c h  the s c h e d u l i n g  occurs is

after 1195 m i l l i s e c o n d s ,  no ran ge measurement w i l l  be

I performed and Master Control w i l l  not recogni z , that

acquisition occ urred Another mode B c ommand w i l l  be

received f o r  the SV at which t a m e  the 15 point overlap

I should cause acquis ition very early in the 2 second

interval , providing time f o r  the range measurement to
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I

I occur This strategy allows su f f i c L e n t  regression points to

I 
be t a k e n  to provide a valid vernier range correction to the

meas u reme n t

I The initial 2 second mode S interval includes a noise

ca l ibration which is skipped in subsequent intervals , w i t h

I RINSE substituting a 100 milliseco n d  delay to allow AGC

settli ng

I A mode 8 command on an ~~~
‘. causes R1RMO to indicate no

measurements for that SV This fo rce s the Navigation

subsystem to supply na~~ig at io n a i d i n g  (as opposed to

I receiver self a i d i n g )  w h i c h  is more accurate when the

signal has not been acquired for some time Mode 8- s are

I used both f o r  new SV’S and r e ac q u i r i n g  SV’ s w h i c h  hav e not

, provided a good measurement for more than 4 minutes

3 1 3 2 8 
~~~~~~~~~~~~ ~ j

~~çjj~ 
g~p~~ (M~ d t

The Sequentia l ~ R e a c q u~~si t i - ~r sequence is used when

m e a s u r e m e n t s  are b e i n g  missed on an SV and the code peal

s e a r c h  is i n d i c a t i n g  no si g n a l  p r e c e n t  It uses the same

sequence sp e c  i f i c a t i o n  t a b l e  (REHO1 4 ) as a s used b y mode 9

wit h the d i f f e r e n c e s  t e i n g  d e f i n e d  by R~~XSP M

The d i f f e r e n c e s  i n c l u d e  ~I) the sea rch interval is 150

steps on each s i d e  of the e x pected c o d e  p hase and (2) the

s e a r c h s ta r ts  a t  the f u l l y a d v a n c e d  c o d e  phase

The mode selection c r i t e r i a  (whether to use Mode S or

I Mode 24) is establi shed by Master Co n t r ol  and is transparent

to the RCSS
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I 
3 1 3 2 9 A lmanac A,ctuisition SeQuence (Mad, 

~ 21.

The almanac acquisition seq uence is initiated by an

I operator t h r o u g h  the Master C o n t r o l  Subsystem Th. same

sequence s p e c i f i c a t i o n tables (RE800S and RE~~0O6) are used

I as for first SV a cq u i s ition . with the differences being

implemented in R2X SP M The differences between first SY

a c q u i s i t i o n  and almanac a c q u i s i t i o n  are as f o l l o w s

I 
(1) The search parameters generated b y R2XSPM pr ovide a

full dop p ler search (covering the r a n g e  4/- 790 meters

I per second The s e a r c h  starts with the aided value of

range rate and searches about it u n t i l  the l i m i t s  are

encountered ZF th . a i d e d  value 1 5  Outside the limits.

I 
the search starts at the closest l i mi t  and covers a l l

d o p p l e r  bins to the o t h e r  l i m i t  D o p p l e r  b i n  center

I fr e q u e n c i e s  are s e p a r a t e d  b y 5~,7 m eters per second t o

correspon d to the ba n d w i d t h  of the narrowband

I a m p l i f i e r s

I 
(2) Th, timeout interval allowed b y Master C o n t r o l  is

suf ficient for th. f ul l  search (6 minutes )

1 (3) If •cqu is atio n is d e c l a r e d  but b i t  sync or d a t a

recovery fails, the search w i l l  resume at the last

I attempted doppl e r frequency

3 1 3 2 10 luAlt In Test ~
g
~jjafljj (?1odt U.

I The b u i l t  in test sequence is executed during power up

and during warm start or restart It consists of the
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I’ fo l l o w i n g  steps

( 1)  Th, local c l o c k  of the receiver s s y n c h r o n i z e d  w i t h

the FTF count

(2) The wideband and frequency synthesizer modules are

set up for  L i

(3) RiCA),.. is execute d using the prim itive RECO6O to

c a l i b rate the VCXO

(4) The W ib eban d M odule test signal from the bite module

is s e l e c t e d

(5) RIRRM a s e x e c u t e d  to  measure the r e l a t i v e  range rate

f rom the b u i l t  an test module

(6) The VCXO is set to correspond to the BITE module

r e l a t i v e  range rate , using the p r i m i t i v e  RECOo4 to

e x e c u t e  RISE T

(7) The 3— state bus is e n abled and the BITE module is

started

(B) The BITE m ode for RIP IN is selected and the T code is

d i s a b l e d

(9) The code generator is i n i t i a l i z e d  to start the Xl

code

(10) Noise cali bration is performed to  de te rm ine  the

noise environment

(11) The 3— state bus i s enabl ed

(12) R1SCH a s  executed usi n g search parameters definid by

R2XBPM. whic h c a u s e  a 512 ch i p  search to be executed

(13) R1TRK as executed using the pr im Itive RECO79

(14) R189?4 is executed a n  the verif y mode to establish
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I correct bit sync

I 
(15) Data recovery is i n i t i a t e d  The BITE module

modulates its output with a continuous barker code. so

I data recovery o n l y  goes as far as bar k e r  code d e t e c t i o n

(16) When a good seasuresert is processed by RIRMO . a

I mode 21 c ommand is generated in order to initiate an L2

BITE m e a s u r e m e n t

1 (17) The L2 sequence is the same as the L I  sequence

i 
e x c e p t  fo r  selection of L2. not performing VC X O c a l i b r a t e

and leaving the BITE code generator running as the gode

I generator module is started so as t o  a l i g n  with the BITE

code When a good L2 measurement ~s processed by  R1RMO ,

1 a mode 22 c ommand is generated to cause the RCSS to

report BITE su cce ssful If RIRPIO detects 5 bad

measurements in eith er the Li or L2 s e q u e n c e .  a mode 23

co mmand is generated t o  cause the RCSS to report BITE

fail ure

3 1 3 3 Re ce iver 
~ta.win~.t C o n t r o l l e r  Softwart NQ~~W 1I,I

The m o d u l e s  which make u p  the R e c e i v e r  Sequence

I Controller are as follows

F~~~CT10~4

I R1RSC Sequence  C o n t r o l  1.ernel

I 
R3C OMM Local Task s Communicat ion Server

R3WAIT Local Task s W a i t i n g  Server

I R3STOP Loca l  Tas k ‘s Stopping Server

A3C ANC Loc a l Task’s Cancell i n g  Server
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I

I R2XTEP Time [vent Processor

I 
R2XS TD Loc a l T a s k  Dispatcher

R2XERR X3ERRA Callin g P r o c e s s o r

R2XCPP Post—termination Processing Cancellation Processor

R2XNOP No Operation Processor

I R2XHMP Hardware M o d i f i c a t i o n  P r o c e s s o r

R2XSPIP Software Modification Pro cessor

R2XSCS Task Ca n c e l l i n g  Processor

R2XSSP Sequence Spec i f i c a t i o n  Table Processor

- R2XTES Time Event Scheduling Processor

R2XSA S Task Activation Servi c~e Processor

R2X5$T Serv i c e  Request Table Processor

R2XSIP System In i t i a l i z a t i o n  Processor

- 
R2XSPM Searc h Parameter Manager

R IXI TM Interface Task Monitor

RIXCCP Command Comm unication Processor

3 1 4 Built In Te s t

The B u i l t  In Test (BITE) fu n c t i o n  is a s s i g n e d  to the

RCSS but performs both Master Control and Receiver

[ functions The Computer Program Component whi c h  performs

the BITE function a s TIBITT

The appro ach to BI TE is to provide operator selectable

tests of t he master o s c i l l a t o r ,  ElOPI. CDI..). local oscillato rs

and Receiver functions The test of receiver function

I anal y zes the results of  the BITE sequence perfo rmed at

power— up Failures are reported to the operator through the

i 
84
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I
3 2 MASTER CONTROL SUBSYSTEM

3 2 0 General

The PIVUE Master Control performs s y s t e m  s t a t e

transitions according to the state transition dia gram and

c riteria shown an Figure 3 2—1 It also e x e c u t e s  the master

c o n t r o l  f u n c t i o n s  of Table 3 2—i These functions may be

assigned to one of five groups System Control. Receiver

Co ntrol , Navigation C o n t r o l .  CDI) Control . and [1DM Control

The followin g pa ragraphs further p a r t i t i o n  t h ese groups

i nto ,lev.n functions from the software imp l ementation point

of  view They are

I System Start - up Control
2 SV A c q u i s i t i o n C o n t r ol
3 SV Reacq u i s i t i o n  and Navi gatio n C o n t r o l
4 F ix  C o n t r o l
5 Wayp oint Control
6 C/No Monitorin g and F i l t e r i n g
7 MV*JE Instrum entation System Control and System Status

Monito ring
9 Data  Block Processing
9 Coor dinate Transformation Service

f !‘~~ CDI,) C o n t r o l
11 EIOM Control

Figure 3 2—2 shows the r e l a t i o n s h i p s  among these

f u n c t i o n s  The functions communicate among each other using

data sets The details of the d a t a  s e t s  a re  d e s c r i b e d  in

t he follow ing p a r a g r a p h s

Ti ming for each of t i e  master control functions a s

im portant and is achieved by a l l o c a t i n g  the  f u n c t i o n  to a

software task having the desired scheduling The software
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I modules . the scheduling of tasks . and the assignment of

tasks to functions are listed in the paragraphs associated

with each of these functions

I
I
I
I

I

I
p

I

I
I
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OFF TO P OWER UP
Powe r interrupt

STANDBY TO POWER VP
Power Interru pt

P OWER UP TO St~~iSys t e m  Warmed Up

STAR T TO SITE
CDU BITE F l . g  Is ~;.t

~1iLL PQ.WLi~~vV
CDt) Commdnd to Leave BITE Stat.

START TQ WAR M INIIIALIZATIOP’4
BITE F l a g  C l ea r ed ~ng
Warm Start F l i p  F l o p  Set

STAR T TO COLD IMITIAULA.TIQN
BITE Flag C l e a r ed j~~
Wa rm Start F l i p  Fl op Cleared

CQL.D INITIAI..IZAT 1O’LLQfQ~~&~ fC Dt) Co~ aand for BITE
CDt) Command to Re s t a r t

COLD INITIAL1ZAT1~~~ TQ SY SLLE~(T
Input of U ser P o i i t i o n  and Tim , C o m p l e t e

~L5ELECT TO F1RSLACQQISITiQ~iS e l e c t i o n and P a r a b o l i  ~ it C o e f f i c i e n t s  C o m p l e t e

FIRST SV AC~ tJlSIT1ON jQ. SUESE~ U~ NT SV AC Gt)ISIT 1014Ti me B i a s  E s t i m a t e d  from E p h e m e r i s  and C l o c k  Data

WARN INITIALIZATI01i TO SUB5E~~JENT S~V ACGUIS1TION
FTF Co unter R e s t a r t e d

SUBSEQUENT ACQUIS1TI014 TO SUBSEQUENT ACGUISITI014
Ac q u i r e d  SV Data IJit
SV’s L.~~t To A c q u i r e

I
F i q u re 3 2— 1 p la ster State T r a n s i t i o n  Contr ol

D i a g r a m ( c o n t i n u e d )

j 1 
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I
I SUBSEQUENT AC~~J1S1T!ON TO ___________

Ac q u i red  SV Data ~fl.f

I 
No SV ’ s L e f t  to A c q u i r e

C /A  REACG~)LS1T1ON TO P~~V 1QAT 1O~ SE~ JENC 1NG
A i d i n g  Data S u p p o r t s  P R e a c q u i s i t i o n

I NAVIQA T ION 5EQtI~~NC IN~ TO POWE R UP
CDt) Co..end for  RITE
CDt) Cos.and to  r e — s t a r t

I NAV IGATION SEQ4JENCINs~/RAD1O 5TAT ~
CDt.) Co.isand f o r  R a d i o - K

U NAV iGAT ION SEQUENCINc/WAY POINT STATE
CDU Co..and for Let/Long W ayp oint Position g•~

I CDt) Com.and f o r  G r i d  Wa~~p o i n t  P o s i t i on g~
U CDU Co.ia.nd for Range and Be arin g to Wa~~po i n t

NAV iGATiON ~EGUENC1P’~GICOORD1NAT.~ T RANSFO~ P%A TI ON STATE
I Manual Plod. and Fi~ Button Pushed g~

A uto .satic M ode and I M i n u t e  Ti.. Boundar~j g~
TIFF Co. p l et .

I NAVIGATiON SE~ULNC1NG/DA TA RECOVERY STATE
Delta 7 

~ 
1 hour 

~
j

Data And I o n o s p h e r i c  C~~cl.s S y n c h r o n i z e d  tatI O p e r a t o r  A u t h o r i z a t i o n

NAVIQAT ION SEQUENC INGJSV SELEC TWII AND REPLACEP~~P4TI O p e r a t o r  Autho r iz ation flj
I No t T r a c k i n g  6 SV ’ i

I NAY IQA T I ON SEQUENC I NQ (DEGRADED PIODE
3 SY’s and A l t i t u d e  Hold
2 S V ’ s .  A l t i t u d e  Ho ld and Ti.e Freeze

Fi g ure 3 2-1 Master State T r a n s i t i o n  Control
I D iagra. (co n t i n u e d )

I
I
I
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SYSTEPI CONTROL

System Star t-up
SV Acquis i tion Control
SV R~~a c q u i s t t i o n and N a v i g a t i o n  Contro l
SV Status S e r v i c e
System Stat us Service
MIS C o n t r o l  and I/O Service
SV C/No Monitoring and F i l t e r i n g

RECEIVER CONTROL

R i c i e ver Mod e Control
R e c e i ver Mod. S e l e c t i o n
Ep h e m e r i s  and C l o c k  Data U p d a t e  C o n t r o l
A u t o m a t i c  Al m a nac A c q u is i t i o n

NAVIGATION CONTROL

N a v i g a t i o n  I ni t i a l i z at i o n  S e r v i c e
Aid i ng Control
F ii Control
W a y p o i n t  Control
Data St o ck Proces sing

CDI.) I/O Cont rol
CDI.) I/O S e r v i c e
Data F o r m a t t i n g  5 . r vic e
CDt) Function Control
CDt) Prompting Control
Coo r d i n a t e  T r a n s f o r m a t i o n  S e r v i c e

EiOIl CONTROL.

Read Sta n d b y  Time r
Re ad  CRU fl it
I n i t i a l i z e / S t a rt S t a n d b y  Timer
S.t CRU Bit  To One
Set CRU Bit  To Z e r o
Read 16 B it s  of  CRU Data
W r i t e  16 B it s  of Data To CPU

T a b l e  3 2—1 Master Con t ro l  Func t i ons

I
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I
I 3 2 1 ~~~~~ Start—un Control Funct ion

3 2 1 1 Functional Descrintion

I The system start—up control function is implement ed by

the task M16 T5M (2Oms) It is a c t i v a t e d  by the E a e c u t t v e

I after the power up interrupt handler f i n i s h e s  its function

I 
The task esec u te s the following f u n c t i o n s

I I n i t i a t e s  co l d  sta rt . warm start and r.start processing
2 Monitors system mode changes In i t i ates Bui l t  In Test

i (SITE ) mode up on request and proceeds to the norma l mode
I when BITE pr o c e d u r e s  c omplete

3 Act iv ate s  System Software Modules
4 I n i t i a l i z e s  System Data Sets and Contro l Flags

U 3 2 1 2 Pro~ essina

I M1ST~ M inte r f a c e s  with the E zecut ive Navigation.

Receiver and other M .ster Control Modul es t hrou g h t he

associated data sets F i g u r e  3 2-3 shows the over all

c o n f i g u r a t i o n  of MlST~ M and its r e l a t i o n s h i p  with the data

I sets and other software modules

Th. first step of the system start—up control pr ocess

is i n i t i a l i z a t i o n  of th, system FIF counter and activation

I of the CDI.) software to turn off the CDU test pattern to test

the presence of the system ’s 20 ms interrupt The second

I step is the a c t i v a t i o n  of the R e c e i v e r  Sequence Controller

i to i n i t i a l i z e  the receiver Depending on the status of the

cold—start /warm—start /r e—start fla g s. the task then

n i t l a t i a l i z e s  the sy stem warm start or co ld start or

restart process In the warm star orocess. prec i sion time

I is a v a i l a b l e  from c a l c u l a t i o n s  performed before the sy stem

went into the standby mode In the cold start process. the
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I
j navigation i n i t i a l i z a t i o n  proc ess is i n i t i a l i z e d  in order  to

accept the in i tial user position and time input In the

restart process the operator has the option of

r e — I n i t i a l i z i n g  system parameters

Appropriat, software modules are activated dur ing the

cold — start /warm—start / re-start p r o cess After these

processes are c omplete. control is  h anded over to the SV

ac q u i s i t i o n  talk (MINS2O )

If B u i l t — I n — T e s t  was requested by the operator through

CDt) p r o m p ti n g  p r i o r  to  MlST~ Pl b e i n g i n i t i a t e d .  M1ST5N

c a n c e l s  the e z e c u t i v e  s e l f — t e s t i n g  task (X1T ST ) and

activates the BITE software m o d u l e  ( T 1 B I T T )
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3 2 2 ~~ Acouiiition Contr.gj Function

3 2 2 1 Functional Descrantion

j The SV Acquisition Control function is implemented by

MINS2O (20.s) and ac t i v a t e d  b y P1151511 I t  is en abled after

f the SV select ion and system initialization process is

c omplete and disabled when the SV ac q u i s i t i o n  functions are

accomplished The major functions of th i s  task are.

1 Monitoring Number of V i s i b l e  S V s  calculated b y Nay SV
Selec tion /Posit ion Control

2 Scheduling Receiver Automatic Almanac Acquisiti on
3 Control of Nay Aiding
4 Control of Re :eiver 1st SV Acqu i sition
5 Control of Receiver Subsequent SV Acquisition
6 Monito ring of SV Data Recovery
7 Read justment of F T F  and Ccmm andzn g of Precision Time

3 2 2 2 Prp c ,~~~jn~

The SV Ac q u i s i t i o n  Control Fu nction interfaces with the

Navigation and R e c e i v e r  M o d u l e s  as shown in Figure 3 2—4

Afte r the SV selection function in cold—start or the

i n i t i a l i z ation function in warm—start c ompletes. M1NS2O is

commanded to e’.cut, It first fetches the highest 6 SY

ID’s f r o m  t h e SV sequence l i s t  generated by the oper ator or

by the Navigation Subsystem during the SV selection state

It then pe rforms the f i r s t  By or subsequent SV a c q u i s i t i o n

c o n t r o l  f u n c t i o n

The c ommunication between M1P4520 and the Receiver

Seq uence Controller is t hr ou g h  the data sets shown in Figure

3 2—4 The mode c o n t r o l  a c c e p t e d  b y th e Receiver Sequence
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I
I Controller is shown in Table 3 2-2

I 
For the f i r s t  SV a c q u i s i t i o n .  M1NS20 de te rmines  w h i c h

By is to be acquired and commands mode 2 for f i r s t  SV

I acquisition . It also keeps the SV status as shown in Table
1

3 2—3 The Receiver Sequence Controller rep l ie s with

c ommand acknowledgement and c ompletion codes t h r o u g h  t h e

receiver status data set (RMMSTA) This process takes

I typicall y abo ut 45 s.conds and can be repeated if the SV is

not found w i t h i n  75 seconds In th i s case. M1NS2O w i l l

choose the ne it highest SV f o r  f i r s t  SV acq uisition until

the first 4 S V s  selected by Nay (or the operator ) have been

tried

I After the first SV i s  a c q u i r e d  and i t ’s data is

recovered. MINS2O co mmands the e zecut iv e to resynchron ize

the FTF coun te r  It a l s o  c o m p u t e s  th . clock bias and

commands the Navigation Subsystem to generate a i d i n g  data

for subsequent SV acqui s i t i o n s

For s u b s e quent By a c q u i s i t i o n s .  PIINS 2 O determines the

SV ID to  be a c q u i r e d  and g e n e r a t e s  a mode 3 c ommand to t h e

Receiver Sequence Controlle r A 30 second time limit is

allowed for each subsequent SV acqu i sition Afte r the S%d is

found . and it ’ s data is recovered , MINS2O proceeds to the

I ne i t subsequent 5’.’ acquisition process

M1NS2O activates the Master Contro l SV Reacqui sition

I Control Task (MINSVC ) after it had tried to  a c q ui r e  a l l  the

I BY’s in the BY elevation array ( u n l e s s  too  few  ar , acquired

fo r  sequenc ing in w h i c h  case the ope rator is n o t i f i e d  and a
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I
I software restart is commanded )

The d e t a i l e d  ,~~st.m t i m e — l i n e  of PI INS2O and the

speci fic events c ommanded or monito red by I1 1N520 are

illust rated in F igu res  3 2—5. 3 2-6. 3 2— 7 and 3 2—8

I
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Table 3 2-2 Receiver Sequenci . C o n t v o l l . r  Modes

COPVIAN D MODE

VALUE P~~At41N
0 No Actio n/Continue Ac t i o n

GO/NO-GO (Li M.as

7 2 Fi rst SV Acq u i s i t i o n
3 Subsequent SV Acq u i s i t i o n
4 CA Re a q u t s i t i o n
5 P Reacquisi tion
6 L1/L 2 P r e c i s i o n
7 E p h e m e r i s  U p d a t e
8 New SV A c q u i s i t i o n
9 R e se t
10 Resync Done Command (i n i t i a t e  handov .r )
21 GO/NO—CO (L2 meas ) (Cmd ’d b y R1RMO )
22 GO/NO—CO Successful (cmd ’d by R1RMO )
23 CO/NO-GO F a i l u r e  ( c m d ’ d  by RIRMO)
24 Sequential P R e a c q u i s i t i o n
25 Au t o m a t i c  Almanac A c q u s t i o n

4
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I
Table 3 2—3 SV Status Table

VALUE PtANINGg 0 Not Defined
1 SV R e a c q u i red W/P Cod. and T r a c k i n g
2 SV Reacquired u/C/A Code (Awaiting P Reacq)
3 SV A c q u i r e d  But Not R e a c q u i r e d
4 SV F a i l e d  To Be Acquired The First Time
S Not Used
6 SV Failed To He A c q u i r e d  With P Code
7 SV Ac quired In Mod. 8 (New SV Acq )
B Not Used
9 Not Used
10 SV Failed To zndoyer To P Code in S S
Ii SV Rea c q T i med Out-Commanded in Mode 24
12 SV C/A R eacq Time Out — Trie d 4 minute

C/A Reac~q
13 SV Reacq Timed Out -Good -~~r—Cmded in Mod . ~
14 SV Just Set — No Rep lacement Fou nd
I S  SV Has Set - - I g n or e  Measurem ents
16 New SV Ac q u i r e d  in S S. can ’t c ollect EPHM
17 SY just set - R e p l a c e ment Found
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I 3 2 3 ~~ R .acauisitaon &~ f ~4~~~iaation Control Function

3 2 3 1 Functional Descriotion

I Imp l ementation S/U Modules are PIINSVC (2 sec ) M2RMDC

(2 sec). M2RMOD (2 sec ) M2EPHM (2 set), and M2STAT (2

I
The SV Reacqui s ition and Nav igation Control Task

sc h e d u l e s  SV reacquisition and s e q u e n c i n g  in the steady

I state Its main f u n c t i o n s  are

I Schedules first f ii  display
2 I n i t i a t e s  C/A Re a c q u i s i t i o n  with 2 s.c interva l for each

SV by issuing appropriate receive r and navigation control
- c ommand to receiver sequence controller and Navigation

filter respectively

f 3 I n i t i a t e s  P r e a c q u i s i t i o n  control after C/A reac quisition
• process is f i n i s h e d

4 C a r r i e s  out SV searching strategy if the number of
• SV’s being tracked is less than 6

S Per fo rm s stead y state SV sequence c o n t r o l  w i t h  6. 5. 4 .3,
o r ?  SVs (l n c l u d l n Q  i o n o s p h e r i c  c o r r ec ~~zo n s c h e d u l i n g )

6 Schedules and controls the ep hemeris updrte mode
7 Commands  the CDU to  d i s p l a y  system warning messag es

on system fa ilure c o n d i t i o n s

3 2 3 3 Prgçi~~~ang

Figu re 3 2—9 shows the overall c o n f i g u r a t i o n  of the SV

Reacquisition and Navigation Contro l U unction The task

MIP4SVC is a c t i v a t e d  b y MIP4S20 It commun icates with the

- Receiver Sequence C o n t r o l l e r  t h r u  the same data sets as

MINS2O uses MINSVC a c t i v a t e s  C/A r e a c q u i s i t i o n  first.

( determines the BY ID to be reacqu i red. and c ommands Ilode 4

I 
for SV C/A reacquisition It also keeps the BY status as

shown in Table 3 The C/A reacquisition process is repeated

evlry 2 seconds for each SV and the reacquisition is
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I
switche d to P after the By’s are reacquired

In P reacquisition. MINSVC c ommands the same p a r am ete r s

as C/A r e a c q u i s i t i o n  does. e i c e p t  C / A  is changed  to P

After t he P re a c q u i s i t i o n  has been commanded for the SV’s.

MINSYC and its subtas k s M2RMDC . Pl2RMOD . and II2EPHM co n t r o l

the receiver me a surement sequence in normal, ionospheric

correction and data recovery (ephemer i s u p d a te ) c y c l e s

In the norma l c y c l e .  M2~MOD sets the receiver mode to 5

( Ll and P r e a c q u i s i t i o n)  It also s p e c i f i e s  the SV ID for

range and range rate a i d i n g .  and the BY ID for which

measurements a p p l y

In the ionos pheric correctio n c y c l e  control parameters

are the same as those of  t h e  norma l c y c l e  eacept the control

mode is 6 wh i c h  causes the r e c i e v e r  to  use the L2

f r e q u e n c y  It takes two more second-i than the norma l c y c l e

for the r e c e i v e r  to p e r f o r m  the  Ll/L2 process since both LI

and L2 P reacqui s it i on. must be commanded on the same By.

two seconds apa rt

In the data recovery cycl e ,  the c ommanded mode is 7.

eight seco nds are used by the receiver to c ompl ete the data

recovery functions for each subframe (2 seconds for SV

acquisition and 6 seconds for data recovery )

The order of SV sequencing of the normal . ionospheric

correction and data recovery cycles are is ind i c a t e d  on the

system time — l i n e  shown on Figures 3 2—10. 3 2— 11. and

3 2—12 The funct Ions they perform c o u l d  be listed as

f o l l o w s

PAGE 107

I



T1
I Determine which SV/(~ should be used at the current instant
2 D e s i g n a t e

a SV number for  ne - a t  a i d i n g
b SV number for neat Receiver Acqui s ition
C BY number for neat NAY inner loop
d SV number for neat NAV outer loop
e Place the above sequences in the SV sequence data

base and the SV status ta b l e
3 Interface between NAY inner and outer loops
4 Schedule l Ot-dO c o r r e c t i o n  c y c l e s
S Check for data c ompleteness and acti v a t e

data blo c k  p rocessing
6 Initiat. ephemeris update (about every 1 hour )

and sc hedule data a c q u i s i t i o n  if a new By just acquired
7 Co ntrol new SV acq u i s i t i o n
8 If one SV times out . reacquire and select a new one
9 If o n l y five By’s are a v a i l a b l e ,  d e c i d e  which goes in 6th slot
10 If onl y f o ur By ’ s are a v a i l a b l ,  d e c i d e  w h i c h  goes in 5th slot
11 If three BY’ s are a v a i l a b l e  in running state. command altitud.

h o l d  and use f i a ed altitude at last value
12 If two By’s are available in runnin g state. use fiaed time

bi a s  rate and f i i e d  a l t i t u d e  at last value
13 If three BY’s are available on start up. schedule altitude hold

on the 4th slot

Under degraded mode or sig nal loss environments. M2RMOD

handiss SV drop out for bad measurement conditions If the

receiver f a i l s  to get good measurements from an SV for a

certain period of time (consecutive bad measurements for 30

seconds ). M2RPIOD - decrements the tracking SV counter MNPST~

b y one an d f l a s h e s  t h e ‘E a cessi v e R e a c q u i s i t i o n  Time ” system

warning message on the CDtJ Depend ing on whether the

m i s s i n g  measurements are due to failure to ac h i e v e  carrier

l o c k  or due to actual loss of si gna l . two types of BY

r e a c q u i s i t i o n  modes w i l l  be issued to try to reacquire the

By ( l ) If  the instantaneous signal—to— noise ratio (BNR ) is

above the threshold (>90 counts ), the sys~ em continues to do

code peak search with the SV re acquisition mode (mode 5)

(2)If the SP~ is below the t h r e s h o l d  (<90 counts). the

sequential SV reacquisitio n mode (mode 24) is commanded for
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the SV The searching period lasts for 4 minutes before the

SV is dropped from the sequence and placed into the new By

search queue

( As soon as the number of SVs tracked drops below 4

MINSVC starts the altitude h o l d  activit y on the SV that as

missing measurements MINSVC schedules the altitude hold

mode on the BY inner and outer loop slots two seconds prior

to the norma l sequence  of i t s  outer loop If the SV is

dropped. MINSVC schedules the new SV acquisition mode and

the a l t i t u d e  hold mode for the same BY ID on the

(MP 5T~.+I)t h slot

When the lost SY i-s reacquired PINPST~ is incremented

by one The altitude hold mode ID dropped 2 seconds prior

to the norma l sequence of i t ’ s outer loop If the number of

SV tracied is s t i l l  less than 4. PI1NSVC res c h e d u l e s  the

a l t i t u d e  i n c o r p o r a t i o n  on the o t h e r  SV s l o t  w h i c h  is in

reacquisition mode (mode 24) or new SV acq u i s i t i o n  mode

(mode 8) PiINSVC and M2RMOD always s c h e d u l e  new SY

acquisition on the (MNPST~..I)th SV slot i f there is an BY ID

in the new BY sea rchin g queue The s e a r c h i n g  time l i m i t  is

set to be 4 minut es to  cover the 1000 p—chip sequential

search appre iisately two times I-f a new BY is acquired.

M1NSVC schedules it into the sequence The navigation

subsystem provides self aiding until ephemeris data is

recovered and nlw fit coefficients are c omputed MINSVC

schedules epheme ris data recovery and sets flags to Nay for

f it coefficient calculation when the ephemeris data is

PAQ€: 109I
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I
c omputed by M2EPHM The outer loop is not to be scheduled

until Nay resets the flag i n d i c a t i n g  that the fit

c o e f f i c i e n t  c omputation is c omplete MNPST$ is then

incremented by one In ca se the a l t i t u d e  hold mode is

sc h e d u l e d  on the new By a c q u i s i t i o n  slot and the new SV

process a s c ompl e te . the a l t i t u d e  hold mode is dropped.

However. i-f P’INPSTK is less than 4. M1P4SVC r e s c h e d u l e s

alt itude hold mod. on another mode 24 or mode 8 SV slot

Module M2RMDC in the SV Reacqu i si t i on and Nav igation Control

Function is used to record the SV status under different

system operation modes

In order to further illustrate the processing

str uctures of modules PIINSVC . M2RPIDC M2RP’IOD, M2EPH?1. and

M2STAT. App e n d i a  B includes the variable listings and the

t o p and d e t a i l e d  f l o w  charts of t h e mo d u l e s

PAGE 110
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I
1 3 ~ 4 Lu. c Qn1r~ iL Function

3 2 4 1 Functional D.scriat iori

I
The F i t  Control Function s c h e d u l e s  the fit d i spl ay an

I either auto or manual mode This function is imp l emented by

MINST2 (1 sec )

1 3 ~? 4 2 _ _ _ _ _ _ _ _ _ _

The f i t  Con t roi fu n c t i o n  ete cute s th. manual and auto

I mode control logic Th, ov erall control and data flow of

this function is shown an Figure 3 2- 13

In the manual f i t  mode - the CDU software enables PIINST2

- whic h trans fers coordinates from Nay to the coordinate

tra n sformatio n data sit It then c ommands M)XFRPI to convert

th. coordinate ; into LAT/LONQ or M i l i t a r y  G r ad Reference

System (PICRS) Once the transformation is c omplete. M1NST2

commands P115100 to d i s p l a y  the f i a

In the automatic f i t  mode . th. data structure and

control flow is the same as in the m anual mode e a cept that a

co unter is used to automatically d i s play the f i t  once a

m inute If the automatic di s p l a y  is other than the fit

d i s p l a y .  M INST2 s c h e d i l e s  the n e a t  d i s p l a y  of the

appropriate function by MIS100

PACE u S
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3 2 ~ WI~~ikn1 CantrQl LjLnii&Qn

3 2 5 1 Functional Descriation

( - The waypo ant control task is implemented b y  M1NSWC (3

sin Bac kground) The task •aecutes the initialization of

waypoants and controls the waypo ant display on the CDI) in

LAT/LONG or MOPS It also calculates the range and bearin g

to any waypoint and dis plays them on the CDI,) when the

operato r presses the RNO butto n

3 2 5 2 Processing

MINSWC interfaces with P115100 through the data set

MWPCOD When the operator presses the LAT or the ORD

button. PIISIOO enables MINSWC to d i s p l a y  the latest

waypo i nt. N. selected by the operator M1NSWC interfaces

with MIXFRPI through the data set MCXFOIJ and then interfaces

wit h P116100 to d i s p l a y  wa ypo int N in LAT/LONC or MOPS

S i mi l a rl y.  if the ope rator presses the RNQ butt on.

M INSUC fe t c h e s  the us er po sition and velocity to compute the

range and bearin g t o the latest w a y p o in t  N selected b y  the

operator and c ommands the CDU S/U to display them

3 2 6 cL~o Monitorine tat Falterine f unct ion

3 2 6 1 Functiona l Descristion

The C/No monitorin g and filter Ing task is imp l emented

b y  M1CNSV (2 sec ) It receives signal to noise ratio raw

I
PAGE Il l
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I
I data from the r e c e i v e r  It then ompute; the C/No in dfl-H:

t hrough a filtering process for each SV being tracked

1 

3 2 6 2 PrQ~c.ssino
The function i s i m p l e m e n t e d  as shown in Figure 3 2— 14

I 
Module MICNSV filters the receiver C/No raw data for e a c h  SV 

—

and stores it to an array MFILTR (2 N) where N is the

ge neric SV ID (1 to 6)

T o c onve r t  the f i l t e r e d  SNR raw data to C/No in dB—H z.

the follow ing equation as used

I dB-H : - 20.log(SNR ) 2 96

Whith is appro tam ated by

dR—H : - 068’I(a) + ~ e 0

Where 1 ( i)  — 1/S’SNR.CAL • 7/8 .X(i— 1>

and CAL - 1 0

T h i s  e q u a t i o n  is d e r i ~~ed from c a l i b r a t i n g  the NVUE

re c e i v e r  m e a s u r e m e n t s  w i th the actual C/No settings

[ 
~
,

I
I
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Statui Moni toring F unct i~ n

I

D 2 7 1 Funct ional  D,scr iat ipn

Imple mentation of this task is  by M1NSDT (2 sec ) The

I 
task eaecutes the following functions A Performs s y s tem
initialization during start—up B Monitors system status and

I reports systems errors in steady state C Init i ates and

I c o n t r o l s  MV~JE I n s t r u m e n t a t i o n  System (MIS) operation when

MIS out put is commanded

I
3 2 7 2 Pro~~essing

I i n i t i a l l y ,  th , module MINSDT commands the Receiver

Sequence Controller to e t e c u t e  i t ’ s CO/NO—CO seque nce In

s t ead y sta te . eve ry 2 s e c o n d s .  the m odule M1NSDT f i r s t

mo n i t o r s  for  p r o c e s s o r  e r r o r s  and s e t s  the CDU e r ro r  d i s p l a y

flag if an error is detected It then checks for the

e a c e s s i v e  s p h e r i c a l  user p o s i t i o n  error , the low battery

error and the e t cessive oscillator bias error These error

condi tions cause the CDU to flash th. system warning

m e s s a g e s  “U” . “P” . “B” and “K” . respect i ve l y

If MIS output i s  c ommanded. M1NSDT schedules the 2

I second and 24 second data and transmits th. data to  the MIS

990/10 9—track tape The MIS 2 second and 24 second data

1 are listed in the MIP4SDT module listings

I 
___  _ _ _ _  _ _ _ _ _ _3 2 8 Data Block e,.rjj ,jjj nj Function
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- 3 2 8 1 Funct ional Descristion

I Implementation S/U Modules are MIPDBR (6 sec ) M2DBPR

(200ms). M2D951 (6 sec ) M2DBS2 (6 sec ) M2DBSD (6 sec ) and

I M2MOVE (6 i cc )

t h e  Data Bloc k Processing Task. inc l u d i n g  a 200ms SV/OT

I d a t a  c o l l e c t i o n  m o d u l e  M2DRPR and a 6 sec data block

I p r o c e s s i n g  modu le  M1PDBR. eae cutes the following functions

1 C o l l e cts SV d a t a  from receiver software
2 Performs data v a l i d i t y check for each SV subframe and each SV

I d a t a  block
3 If SV block I is valid , processes data for SV’s or CT’s
4 If SV block II is v a l i d  p r ocesses ephemeris data for SV’ s

I S If SV blo c k  III is valid processes almanac data for SV’s
6 Flags data b l o c k  processing ;tatus to Receiver and Master

Control subsystems

I
3 2 8 2 ~ro ,,sina

I Ti-i c o v e r a l l  c onfiguration of the SV/CT data bloc k

processing function is shown in Figure 3 2—15 During the

data recovery cy c l e .  M?DBPR r e c e i v e s  from the r e c e i v e r

subsystem 24 bi t  words of data one word at a time , which it

a s se mb l e s  into c omplete d a t a  b l oc k s for processing b y t h e

I module MIPDBR For satellite data . it c o l l e c t s  words 8. 9

I and 10 of subframe I (Data Block I) and words 3 through 10

of  subframe 2 and 3 (Data Block II ) In Automatic Al m anac

I Ac quisition mode it collects words 3 through 10 of subframe

I

S (Data Bloc k III ) for each of the SV’i for w h i c h  an a l m a n a c

is being transmitted

The ena b l i n g  flag MCDBFL a s set b .d M2DBPR when it

PACE 121
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I

o l l e c t s  data s u f f i c i e n t  to process a data b l o c k  If MCDBr L

I

— I or 3 then MIPDBR calls M2DBSI to proces s data b lo c~k I.

if MCDBFL—2 then M2DBS2 is cal led to  p r o c e s s  d a t a  b l o c k  II I

I f MCDBFL—5. M2DBS3 is c a l l e d  to process data block III

1

I

I

I PAGE 122
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I

3 2 9 Coordinate iransformati~ n Fi.pnctaon

3 2 9 1 Functional De sc r iot a gri

The C o o r d i n a t e  Transformation Function is implemented

by t he S/U Module; M1XFRM (2 sec ) M2EFLD (2 sec) . M2MOGP (2

sec ) M2OPMG (2 icc ) M2MSLH (2 sec ) and M2OSMQ (2 icc)

The c o o r d i n a t e  t r a n s f o r m a t i o n  function performs the

followi ng

1 Conve rt MORS to LAT/LONC (sem icircle.WGS-72 )
2 Con vert LAY/LONG (local ) to LAT/LONC (semicircle .UQS—72 )
3 Con vert LAT/LONO (local ), mean sea level altitude to earth

fi g ed coord inatp s
4 Convert MCRS MSL a l t i t u d e  to earth fi t e d  coordinate s

~ Con vert earth f a t e d  coord inates to MGRS PISL altitude
6 Convert earth fa t e d  coordinates to LAT/LONG (local ) P191.

alt i tude
7 C o n v e r t  earth ci t e d  coordinates to LAT/LONG (semaci rcle .WQS—7

and convergence angle
8 Con vert LAT/LONG (sem icirc le ,WCS—7 ? ) to LAT/LONG (local )
9 Convert LAY/LONG (semi cir cle .UGS—72 ) to MOPS

3 2 9 2 Pro essino

The overall c o n f i g u r a t i o n  of the coordinate

transformation function is shown in Figure 3 2-16 When the

coo rdi nate convers ion code -  MCXOCD . a s set to a non—zero

value. M I X F R M schedules the data transformation between

either earth fiied or la t i t u d e / l o n g i t u d e  for the WCS—72

datum and e i t h e r  U T M — M i l i t a r y  Grid coordinates or local

datum latitude /longitude and mean sea level a l t i t u d e .

d e p e n d i n g  on t h e  v a l u e  of the conversion code and the value

of the datum ID number -
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3 2 10 
~~~~ 

Control Function

3 2 10 1 Functional Desc r i ot i on

I The CDU Control Function -s implemented by the S/U

Modules M1SIOO (lOOms). M2NCDF (100 ms ) M2PRMT (100 ms ).

I and M2CDP’II (20 ms)

The CDI.) control software e z e c u t e s  the following

functions

I Accepts input data through first and second level prompting
(see CDI) promptin g table 3 2— 4)

2 Decodes and i nitiates
MIS Request
Radio transmission c ommand
Ephemeris U p d a t e  Author i zation
NAV Mode command

I New Sy acquisition a u t h o r i z a t i o n
I Radio free te it mode request

A utomatic Almanac A c q u i s i t i o n  command
S y s t e m  res ta r t req ue s t
Ram A l m a na c r e q u e s t
Ionosp heric correction i n h i b i t  command
Atmosp heric correction i n h i b i t  command
B I T E  Co mm an d

• Sta ndb y request
Auto/Manual mode selection

- W a y p o i n t  r eques t  ( i n c l u d e  Range. LAT/LON . and MOPS request )
Fis request (include a l t i t u d e  request )
Time request

3 D i s p l a y s  data and sy stem warning m es sage
4 Flas hes error code for CDI) operational error

I
I

1~~
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I

Table 3 2-4 CDI) PROMPTING MENU

I
1 UTP’I 5 OP?

I WPT ALM
I SPH RST

F ORD RAM

I
F MG ION
F ESC ATM
F NRC

6 BIT

I 2 ALT
1 ALT

7 SV
3 TIM F SVI

1 OUT ~
- SV2

F YR F SV3
I DAY F 9V4I F HR F SVS
F MIN F SV6
F SEC

I S

ADR
4 OPT CNT

MIS

I 
RAD 9 LAT

WPT
MOV SPH

I ACO F DIR
IXT F DEC

I MIN
I SEC
F DIR
F DEG
I PUN
F SEC

NOTE F i ndicates forced prompting

I
I
I
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I

TABLE 3 2-5 SvST~~M WARNING MESSAGES

I
NVMBER MESSAGE DEFLNIT ION

B Low Battery
2 C C o m p l e t e

r 3 E Need E p h e m e r i s  U p d a t e  A u t h o r i z a t i o n
4 F Fatal System Error
5 H A l t i t ude Required
6 I I n i t i a l i z a t i o n  Required for First Fix
7 P1 Need New SV Search Authorization
B P Posit ion Error Ex cess ive
9 P Rece iver Fa i lure

10 S T o o  Few S V ’ -c
11 T E x c e s s i v e  Red~~~u i s i t 3 o n  Time
12 K Clock Error E t ce ssa ve
13 Z System V a r i a b l e  Previousl y I n i t i a l i z e d
14 First F a x  or Automatic Fit Display

pen d i n g
15 U Pv- oces sor Error
16 Operator Input P r o h i b i t e d
17 0 In i t i a t e  Keyboa rd Test (BIT)
18 C SV C/NO b elow thre shold
19 I l l e g a l  K e y s t r o k e  o b t a i n e d
20 0 - I l l e g a l  Hardware Keystroke Obtained
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I

3 2 10 2 Pro essina

The overall control and  d a t a  flow configuration of the

CDI) control task is shown in Figure 3 2-17 The main CDI)

. nntr ol module MISIOO p r o c e s s e s  (1) the navigation

i n i t i a l i z a t i o n  control and (2) the control display unit

control when CDt) I/O is requested b y the system or

operator In the CDI) control portion . MISIOO handles the

sy stem warning message d i s p l a y  (se , t a b l e  3 2-5). BITE

m o n i t o ri n g  and B ITE p r e p r o c e s s i n g  It c a l l s  M2CDUF fo r  the

processing of operator c ommands to the system When CDI)

p’- omptin g is i n i t i a t e d  by the operator for data input.

P119100 c a l l s  M2PRMT for prom p t i n g  control It also ca l l s

M2NC DF f o r  I/O data formatting processing

M2CDM I is respons ible f o r  a l l  software interactions

wit h the CDI) It a c c e p ts input s from the CDI..) and supplies

outp uts to it

Inputs are a c c e p t e d  one pe r 20—msec p e r i o d  An input

consists of a 16—b . ” word a d v i s i n g  of standby /operate mode

chan g es k e y s t r o k e  e n t r i e s ,  and value oP keystroke

M2CDPII is aware of the CDI) control s t a t e  s i n c e  it has

a c c e s s t o  t h e  CDI) c o n t r o l  s t a t e  d a t a  b a se  M2CDP1I also has

an input t e m p l a t e  t e l l i n g  it what to do w i t h  data entries

Thus. whe i the operator make s a keystroke entry. M2CDMI

d e c i d e s  if the e n t r y  is a control entry or a data entry

For the e n t r y  to  be a data entr y . the prompt ing data UO

flag obtained from th. prompting data base must be set to

i nput If th e flag is set to output. M2CDPII ignores any
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a

I

I data entry Howeve r , i f t h i s  f l a g  is set to input. M2CDNI

I 
u ses t h e  input template obtained from the prompting data

base to dete rmine if the entry is a control entry. a valid

I 
data entry . or an inval id data entry If the data entry is

valid. M2C DMI pu ts  th. entry into the correct location in

I t h e d e s u r e d — s t a t e — o f — d i s p l a y  data base f o r  e c h o i n g  b a c k  to

the display It also put s the entry y into the CDI.) input

b uffer for subsequent u-se b y the software Any time that a

I d a t a  entry has been c o m p l e t e d .  M2CDM I determines this fact

av~d sets the data a v a i l a b l e  semap hore in the CDI) input

b u f f e r  This fl a g  a l l o w s  the r e m a i n d e r  of the software to

p r o c e s s  the data entry stored in the in put message.

W henever M2CDPII sets the data a v a i l a b l e  sem aphore. it also

sits the lock—out f l a g  an order to not accept further CDI) —

in p ut s until P119100 returns the lock—out fl a g  to the input

s t a t e

M2CDMI is a b l e  to d e t e r m i n e  the c o r r e c t  l e n g t h  of the

data entry usin g the input t e m p l a t e  f u r n i s h e d  to it by

P11S100 --i a  the p r o m p t i n g  data base

i f the e n t r y  is i n v a l i d -  M2CDMI d e t e r m i n e s  the c o r r e c t

error code and causes t h i s  error code to be d i s p l a y e d  It

does t h i s  by p u t t i n g  the error code into the CDI) control

data base a nd then d i s p l a y i n g  the c o n t e n t s  of t h i s  data

base Ot her software e l e m e n t s  say be used to put error

codes into t h i s  data base but t~~e operator input errors have

the h i g h e s t  p r i o r i t y  For a slas ary i l l u s t r a t i o n  of the CDI.)

d i s p l a y  forma t and p r o m p t i n g  co ntrol al g ori thm refer to
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1 Figures 3 2-18. 3 2-19. 3 2-20 and 3 ~~-~~1

I
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SEL nn P u t s  CDI) into Input Mode

I Positions First — Level -- Prompting a t  nn

Sets  m - 0

If no V a l u e  of nn Given or nn Out of Rang.. Then
SEL Advan ces First — Level — Prompting by One

no — -
~~ R e s e t s  First — Level Prompting to Zero

and Removes CDI.) from Input Mode

m Moves CDI) to Second — Level Prompt ing at Entry in

I f No Value of m Given or in Out of Range. Then
Advance s Second — Level Prompting by One

CLR Clea rs Data from Input Display
Removes Current Second — Level Prompting

ENT Ente rs Data from Input Displa y
Returns Second - Level - Prompting at  Las t  V a l u e
of nn  and in

F i g u r e  3 2- .0 P r o m p t i ng  C o n t r o l

I

I

I
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3 2 11 ElOPI Contr ol Utilities

I
3 2 11 1 Functional D,scr intion

( 
The S/U Modules M3LSBO. M3LSBZ. M3STIPI. M3CD4JO,

M3STLR. M3RTIM. and  M3ODHO implement control of t h e ElOM

u t i l i t i e s

The EIOPI control u t i l i t y  modules interface b e t w e e n  t h e

system and the EIOM through the 9900 c ommunication registe r

unit (CRI)) These I/O service routines m a n i p u l a t e  the

co ntents of a user - s p e c i f i e d  CRU add ress t~y setting a bit to

one (or zero ) They also input or output a 1 6— b a t word from

or to the CRU d u r i n g  eac h c a l l i n g  sequence

3 2 11 2 Pr~~~t~~~inp

M3LSBO - s e t  CPU b i t  to one

M3LSBZ — s e t  CPU b i t  to  z e r o

M3STIM — i n i t i a l i z e  and s t a r t  s t a n d b y  t imer

M3CDUO — CDI) ou tpu t  s e r v i c e

M3STCR — read CRU bit

M 3 RT I M  — r ea d s t a n d b y timer

M3ODHO — DHO/MIS ou tpu t  s e r v i c e

3 2 12 Su~~~ari&

I
— 3 2 12 1 Mod ule j~~~~~ Function Ma~~~inas
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I

I As a summary . t a b l e  3 2—5 lists all the master control

modules and their functions Th ese m odules are classified

I in terms of each of t he eleven tasks d e s c r i b e d  in the

1 previous paragraphs

3 2 12 2 Control Flow

Figure 3 2—22 shows the c a l l i n g  and activating s e q u e n c e

of the Master Control mo dules during the MVUE op e r a t i o n a l

period

3 2 12 3 Suitt~ ~~~~~~~~~~

~
‘Pte overall MVU E processor t i m e — l i n e  of master control

m o d u l e s  c o n s i s t s  of two pa r t s  (1) System ti m e — l i n e  durin g

TIFF per od and (2) System t i m e — l i n e  in  s t e a d y state

Figure s :~ 2—23 and 3 2—24 s h o w s  t h e  t i m e — l i n e - s  ( 1)  and (2)

resp ectivel y
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Table 3 2-5 Task C l a s s i f i c a t i o n  for Modules

in Master Control Subsystem

I

f 1 System Start—Up Coritro3
a M1STSM — schedules cold/warm start. system restart process

a n d  BIT mode

2 SV Ac q u i s i t i o n Control
a M1N920 — rece iver mode contro l Nay aiding control. Nay filt e r

i n i t i a l i z a t i o n  control. ex e c u t i v e  FTF resync control

3 SV Reacq uis i t i o n  and Navi gatio n Control
a MINSVC — Nay a i d i n g  control. Nay inner and outer loop SV

co ntrol , ionospheric correction schedulin g.
d e g r a d e d m o d e  navigation control

B M2RMOD — receiver mode control
c M2RMDC — receiver mode s e l e c t i o n  and status check
d M2EPHN — e p h e m e r i s  u p d a t e  control
e M2STAT — SV status recording s e r v i c e

4 Fi . Control
a MINST2 — prepare data for p o s i t i o n  f i x

5 Waypoint Control
a MINSUC — wa ypoint d i s p l a y .  r ange and bearing to selected

wa ypoint c a l c u l a t i o n

6 C/NO Mon i t o r i n g  and F i l t e r i n g
a MICNSV — SV Si g n a l — t o - n o i s e  ratio calculation

7 MVU€ I n s t r u m e n t a t i o n  Control and System Status Monitor ing
a MINSDT - sy s t e m  i n i t i a l i z a t i o n ,  s t a t u s  monitorin g . MIS control

I

I

I
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I
Tabl e 3 2—b Master Control Mo dules (continu ed )

8 Data Block Processing
a M1PDBR — d a t a  b l o c k  processing
b M2DBPR - SV d a t a  c o l l e c t i o n
c M2DBS1 — data blo ck I s e r v i c e
d M2D952 — d a t a  b l o c k  II serv ace
e M2DBS3 — d3ta b l o c k  I I I  s e r v i c e
F M2MOVE — data mover

~ Coo rdinate Tansformation Service
a MIXFR PI — coord inate conversion c o n t T o l
b M2EFLD — g e o d e t i c  and WGS—72 ge o d e t i c  conversion
c M2QPMC — g e o g r a p h i c  p o s i t i o n  t o  MOPS conversion
d M2MCOP — MORS to geogra p h i c  p o s i t i o n  conversion
e M2MSLH - mea n sea  l e v e l  computation
F P1205MG — offset to MOPS row ID computation

10 CDI.) Contr ol
a P115100 -- CDI) I/O control
b M2CDPI I — CDI) I/O and M IS I/O servi ce
c M2CDUF — CDI) fu n c t i o n  control
d M2PRPIT — CDI) p rompting control
e M2NCDF data formatting se rvice

IA  ElOfi control U t i l i t i e s
a M3LSBO — se t  CPU b i t  to one
b PI3LSBZ — set CRU b i t  t o  z e r o
c MJSTIM — start standb y timer
d M3CDUO - CDI) data output servic e
e PI3STCR - r ead CPU b i t
f M3RTIM — r ead standb y t im e r
g M300H0 — DHO/MIS data output s e r v i c e

I

I
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I
3 3 PIVUE NAVIGATION SUBSYSTEM

3 3 1 Qyery~~.w

The p r i m a r y  p u r p o s e  of  t h e  na- ~- i g a t i o n  subsystem is to

c o m p u t e  the user ’s p o s i t I on in a n earth—centered.

I e a r t h — f a x e d  c o o r d i n a t e  sy s t e m  u sir i y th e  time and ran ge

measurement i n f o r ma t i o n  ent f r o m  t h e  r r c e i ~’er , and usin g

I the o r b i t  pa: am .ters f o r  t’~
p s-,~~e l 1 ,t , s  ~o - grbund

t r a n s m i t t e r s )  sent in  the d a t a  ‘lessag. f r o i n  the s a t e l l i t e

Th, na-.iga tion sub syi t ei~’ ~ pe ~~a t 1 o ~ w i l l  b e d e s c r i b e d  in

terms of f o u r  maj or C r tior - s ani sr~~er al supplemental

F c,nc t ions

These furi c t i o ns  a~ d t~ e ..ssoc i a t e d  s o f t w a r e  modules

w h i c h  implement th e s e  f u r , c t z o ’ -s ir, as f - -~~~i

1 N avigation l i l t e r

a Inn er Loop

N1P~M I T  — M .asure- ,p r - t i n c o r p o rA t i o n / s t a t e  update

I 
N?MNE G — t . ite  p r o~~.~qa ion

N2MF~NG Rang . c o m p u t a t i o n

b Ou ter L ’ ci p

I 
N IMNF L — Outer Loop control

N2Mf- OT - Computation of m a t r i x  relating

meas rement s t o  ,s . r  s t a t e

N2MCPR — E r r o r  c o v a t i a n c e  propagation

I N2MCUP — Error covariance update and filte r gains
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~comp utat ion

2 Measurement Computations and Corrections

N1PINV T — N a v i g a t i o n  c o n t r o l  t a s k

N2MSC I — Measurement and - s a t e l l i t e  c l o c k  correction

c omp ut a t  i on s

N2?IINC — Atmosp h e r i c  corre c tion s fo r  r a n g e

m easurements

3 Sa t e l l i t e  P o s i t i o n  and C o n s t e l l a t i o n  Selection

N 1MSVT — Control ta s k

N2?’ISVP — Guadrat i c f i t c o e f f i c i e n t  computations

N2PISVE — S a t e l l i t e  p o s i t i o n  c omputations

N2MSVS — Sa t e l l i t e  c o n s t e l l a t i o n  selection

4 R e c e i v e r  A i d i n g

N2MAID Wan ge a !d rang. ra t e computations

5 S u p p le m e n t a .  ~ u n c t a o r , s

a Ir l~~t i A l i z a ~ b r ,

b ~ p h e r i c a l  E r rr r  E s t i ma t e

c Stationar y ‘~ ser ¶ t a t e  Smoothing

d Rang. B i a s  F’at . ~~~~~~n i t I r i n g

The f’jr~~~~~ion ;  list e d  abo-i. are o c t  e n t i r. l y  se p a ra b l e

and o v e r l a p  som e wh at w i t h i n  the a s-soc ia~~.d modules ror

e x a m p l e .  th. computation n’ range b y N2MRNG is used in the

outer loop and f o r  r e c e i v e r  r a n g e  a i d i n g  a lthough it is

l isted as an inner loop na i g a t i o n  f i l t e r  a s s o c i a t e d

module All navigation modules are lis t e d  above e x c e p t  for

NIMINT whi c h  is the control task fo r inner and outer loop

c omputat ions du ring the s a t e l l i t e  a c q u i s i t i o n  p e r i o d  onl y .
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The Navig ation Subsystem u t i l i z e s  the f o l l o w i n g  data

se t s  to comm unicate b e t w e en m o d u l e s  and to c ommunicate w ith

the other s u b s y s t e m s

I NACINR - Inner Loop V a r i a b l e s

I n c l u d e s  the  user ’ , s t a t e  and t i m e

2 NDO OUT -~ Outer Loop Variables

Incl udes the U—D formulat ion covar iance ma trix

3 NCCIOU — Inner/Outer L o o p  V a r i a b l e s

I n c l u d e s  the f i l t e r  gains

4 NDOSYS — Common S u p p o r t  a n d  I n i t i a l i z a t i o n  V a r i a b l e s

Contains a c o l l e c t i o n  of v~~r i a b l e s  w h i c h  are - system

const ant s . or are used in more than one task

Inc  lu~Ies  inner and o u t e r  l o o p  SV ID i d e n t i f i e r

5 N (CNST - Global Constant s

6 NIITCN - lntrata -s k Constants

7 P4CCSVP - - S a t e l l i t e  ~‘o s i t i o n  V a r i a b l e s

C o l l e c t i o n  of SV a r i a b l e s  used b y the SV Selection/

po s i t i o n  ta sk

9 NPI I P4I T N a v i g a t i o n / M a s t e r  C o n t r o l  I n t e r f a c e  V a r i a b l e s

C o n t a i n s  v a r i a b l e s  r e q u i r e d  by M a s t e r  Control du r ing

i n i t i a l i z a t i o n  and s a t e l l i t e  a c q u i s i t i o n

9 P I SIFC — N a v i g a t i o n /M a s t e r  C o n t r ol  Interface V a riables

Contains user state v a r i a b l e s  p a s s e d  to master control

10 P’~~AIDF 
— R e c e i v e r  A i d i n g  D a t a

Co n t a i n s  n a v i g a t i o n  data n e e d e d  by t he r e c e i v e r  for

SV a c q u i s i t i o n / r e a c q u i s i t i o n

11 NRIIMF — Pre cision Time Data
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I
I Contains the information need e d by the re eiver for SV

I 
a c q u i s i t i o n / r e a c q u i s i t i o n

12 NMDHOB — Data Handover Variables

i 
Not used in final system

13 P~~APPL — Satellite Selection Variables

I I n c l u d e s  the e l e v a t i o n  array and number of SVs

14 NVASEL — RAM Almanac S e l e c t i o n  F l a g

I 15 NNRALM — S a t e l l i t e  Almanac V a r i a b l e s

Co ntains almanac data located an PROM

The navi gation subsystem has two prim ary modes of o p e r a t i o n

I 
as f o l l o ws

I Sa t e l l i t e  a c q u i s i t i o n / f i l t e r  i n i t i a l i z a t i o n  mode

1 2 Steady—state mode

In a d d i t i o n  the subsystem has two degraded modes which

are invok ed wh~~nev.r the MVUE System is receiving

I measurements from less than four signal sources They are as

f o l l o w s

I I A l t i t u d e  h o l d  mode — invoked whenever onl y three

signal sources ar e a v a i l a b l e  for m e a s u r e m e n t s  In t h i s

mode . t he range f r o m  the us.- to the center of the earth

is c o m p u t e d  and used as a fourth me as ’ement

2 Al titude hold/time freeze mode — invoked wh eneve r onl y

I two signal sources are a v a i l a b l e  for measurements In

this mode. the range from the user to the center of the

U earth is used as an a d d i t i o n a l  measure ment . and the time

i bias states are not updated w h i c h  a l l o w s  a n a v i g a t i o n

s o l u t i o n  for p o s i t i o n
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The overall s t r u c t u r e  of th• navigation subsystem for

the two primary modes of operation is depicted in Figure

3 3—1 and 3 3—2 an these figures the lines without arrows

in d i c a t e  m o d u l e  c a l l s  and the l i n e s  with arrows indicate the

flow of the e s s e n t i a l  data an and out of the s u b s y s t e m

I Computat ions in the navigation subsystem are in scaled

units in order to m a x i m i z e  the a c c u r r a c y  of the REAL .4

floating point computations Distance computations at- c in

units of 1/17 p — c h i p  where 1/17 p-- c h i p  ~ 1 7238368 meters

Angular co m p u t a t i o n s  ar , in units of s e m i c i r c i e s  wher , one

se m i c i r c l e  — P 1 r a d i a n s  — 180 degrees

I
I
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I ~ ~ ~ ~‘iavi~ation j.~Jj~ 
Functio n

I 
The heart of the n a v i g a t i o n  s u b s y s t e m  is a s u b o p t i o n a l

~ alman d a t a  processing filte r whose output is an estimate of

I 
t h e  current  p o s i t i o n  and v e l o ci t y  s t a t e  of the user The

user state is an eight component vector denoted b y ~ The

I components of ~ are  position (x .y.z ) . velocity

(idot .ydot .zdot ) . range bias rb. and range bias r a t e  r b d o t

T h e use r ’s p o s i t i o n and v e l o c i t y is c i p r e s s e d  in a r i g ht

handed. cartesian earth centered , e a r t h — f i x e d  coordinate

system . whose origin is at the center of the WCS—72

I spheroid The variables r b  an d  rbdot are t h e  u s e r ’s c l o c k

bias and cl o c k  b i a s  rate m u l t i p l i e d  by the s p e e d — o f — l i g h t

In theory. the range bias state r b  i -  t h e  t o tal b i a s  a n

t h e u ser ’s c l o c k  m u l t i p l i e d  b y  the s p e e d - o f - l i g h t  However,

in order to mainta in accuracy in REAL.4. a constant equal to

the esti ma te of th. i n i t i a l  time b i a s  when the f i r s t

satellite is acquired is subt rac ted f r o m  t h e t o t a l  t a m e

b i a s  T hus the range b i a s  state rb i s r e l a t e d  to the total

user c l o c k  b i a s  by the e q u a t i o n

rb — C ( TU — TC )

— t o t a l  u se r c l o c k b i a s

I TC — c o n s t a n t  • i n i t i a l  estimate of user clock b i a s

C — speed of l i g h t

I The operation of the W alman filter can be partitioned

— into the following processes
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-- (1 ) User State p r o p a g a t i o n

I (2) Covariance p r o p a g a t i o n

(3) Filter ga i n s  c o m p u t a t i o n

I (4) Covar i ance u p d a t e

(5) User state u p d a t e

I No rm ally . a ~alman filter proceeds t h r o u g h  these processes

i n  t h e o r d e r s h own a b ove a nd al l  the processes a r e  d one a t

I the same rate However , in the MVUE implementation of the

K a l man fi lter . the user s t at e propagation and user state

upda te  a re  p e r f o r m e d  e v e r y  t w o  se c o nd s. whereas the

c o v a r i a n c e  p r o p a g a t i o n .  g a i n s  c o m p u t a t i o n  and covariance

u p d a t e  are per formed ever y twent y -four seconds It is

possible to operate the f i l t e r  in t h i s  fashion b e c au se of

t he r e l a t i v e l y  slow var~~at~~on of  t he f i l t e r  gains and

c o va r a a n c e  as a f u n c t i o n  o f  t i m e  T h e  t w o — s e c o n d  f i l te r

c o m p u t a t i o n s are d e f i n e d  as Inner Loop ope rations. and the

twenty—four second fa l t e r  c omputations a re defined as Outer

Loop ope rations

3 3 2 1 P44viaatiQra Filter L~’atr~ Li2.Q.

3 3 2 I I U ser State Proa a aa t 1 Qj1

I T h e u se r ’s state 
~~. 

is p r o p a g a t e d  a c c o r d i n g  to  the  e q u a t i o n

I 
- 

&(t • dt ) • eni
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I

I
where X ’ (t ) denotes the updated (o’- ‘bvst estimate ’ )  u s e r

state at time t and PHI is an B by B tran si tion matrix and

( h a s  t h e  f o l l o w i n g  m a t r i x  elements

?jjj (I.1) — ~~j~ (2 . 2)  — P~J.j(3.3) — 1

I • • ~tjI~
6,6) •

~jjj(9.8) — dt

I ~~~~(j,4) • ~~~~(2.5) • P~~~(3, 6) — TV •

A l l  other e l e m e n t s  of P H I  a r e  0 The time of propagation d t

is 2 se co nds . and TV i s d,f in.d as the v e l o c i t y correlat ion

time The preceding tasks are per forme d in the module

N2MNE Q

• 3 3 2 1 . V j j~ ~~~~~ ~~~~~~~ t i M y~j~~~nt jj liç fl~~fl

Th, user ’s state is p d a t e d  to  g a v e  the ~ alm an f i l t e r ’s

best e s t i m a t e  of the current stat , us in g  t h e  e q u a t i o n

~~‘(t~~dt ) • X( t - ”dt ) • ~ (I ) • (1)

V

In th i s equation - ~ (I) is the gain vecto r for satellite I.

and Z ( I )  is the me a surem ent r e s i d u a l  for the range

measurement to s a t e l l i t e  I The elements of ~ (I) are
I computed in the Outer  Loop  and w i l l  be d e f i n e d  later The

r e s i d u a l  Z ( I )  is computed from

I
Z (I) • RM (I) — RC (Z )
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I where RM (I) i s th. measured range to s a t e l l i t e  I (see para

3 3 3 1) based on r e c e i v e r  raw measurement data and R C ( I )  is

I the c o m p u t e d  range to satellite I based on the current

I 
est imate of the user state and the s a t e l l i t e  p o s i t i o n  In

the MVUE i m p l e m e n t a t i o n  of the upd at e  equation . the elements

1 oF ~jj) a r e  m u l t i p l i e d  by 10 whefl u p d a t i n g  the v e l o c i t y  and

range bias rate c o m p o n e n t s  of the state this is  not a

I standard implementation but g i v e s  the MVUE an improved

performance when the system is  d y n a m i c  and does  not  d e g ra d e

the p e r f o r m a n c e  w h i l e  t h e  s y s t e m  is  static

The state is propag at ed and u p da t e d  e v e r y  t w o  s e c o n d s

Eac h u p d a t e  a s b a s e d  on a new m e a s u r e m e n t  f r o m  a pa r t i c u l a r

J s a t e l l i t e  One s a t e l l i t e  m e a s u r e m e n t  i s  made b y t h e

r e c e iv e r  in each two spr ond p e r i o d  and up to s i x  s a t e l l i t e

measurements may be made a c c o r d i n g  the s a t e l l i t e  s e q u e n c e

scheme shown a n  i gu r.  3 3.1 A m ea s ,rpm p n t at ~~~‘ f r e q u e n c y

a s  mad e d u r i n g  the i o n o s p h e r i c  c 4 i l e  s h o w n  in t h e  f a g u r e~

j and t h i s  m e a s u r e m e n t  i s  u s e d  a l o n g  with the precedin g

mea s u r em e n t  a t  L I  fr e q u e n c y  to c o m p u t e  a c or r e c t i o n  for the

delay of the signal caused by the ionosp 1 ere The state is

u p d a t e d  only on c y c l e s  where a measu rement at the Li

f r e q u e n c y is m v a i l a b l e ,  thus. t h e state is not  u p d a t e d

I during - n  ionosphe r ic c y c l e  The preceding tasks are

performed an t h e m o d u l e  N I M M I T

I

I
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1 i ~omovte ~

The current b es t  e s t i m a t e  o f  t h e  range  RC to  a

satellite is c omputed using the i y. z components of the

user ’s estimated state and th i - i , y . z c omponents of the

s a t e l l i t e ’s p o s i t i o n at the time when the signal is

transmitted from the ~- a t e l l i t e  The s a t e l l i t e ’s po s ition

I 
components are c o m p u t e d  usin g q u a dr a t i c  f i t  c o e f f i c i e n t s

which are computed by the S a t e l l i t e  P o s i t i o n  Computations

I 
and Const e l lat i on S el ect i on Fu n c t i o n  (Section 3 3 4 )  The

e q u a t i o n s  for c om p u t i n g  the s a t e l l i t e  z. y. z c o m p o n ents

1 using th e F it  c o e f f i c i e n t s  are of t’- e for-’

I SP ~- ( )  • F l • (t - F T > / l ~~O • • ~~ t - -~ T)/ 120)**2)

where  the re is an equation o~ t h i ,  form cor pach component

of the s a t e l l i t e ’ po s- i t i  on and

SP • i . y . r  c o m p o n e n t s  o~ s a t e l l i t e  po~~i t i c 7 n denoted below

in the ran ge computation equation as x s . y c . z s

FO • x .y . :  components of :er o—t h rr d r ’ r cit c o e f f i c i e n t s

I
Fl x . y . :  comp on ents oc fi r t ,,,d .r f i t  c o e f f i c i e n t s

F2 — i. y. z compo nents of se ond order f i t  coeffi ci ents

FT • time at center of quacr at a c f i t  t c -  120 s e c o n d s  of

s a t e l l i t e  orb i t
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I

I The s a t e l l i t e ’s x . y. z p o s i t i o n  rn~~ uri i.I,ts are c o r i e c t e d

I 
for the earths rotation d u r i ng  t h . -  t i m e  th a t the s i g n a l  i v

tra vel i n g  f rom the s a t e l l i t e  to t i e  usr i ari d then the range

- NC is computed from

RC SGf~T ((x ’s i)••.~~~• ( y s - y )~~~• 2 ’  (zs-s)•. ,~- )

where ‘s .ys. and is are the C 4 i’1 o n e nt s  of the s a t e l l i t e ’s

position ,nd i y. an d  i are the com p ~in ent s o+  the estimated

us er ’s p o s i t i o n

T h e  p r e c e d i n g  t a h s  - i t .  p v T f O t m e d  an the module

N2MRNC

- 3 3 2 2 Nd.  ~Q C ~~ ~~ t~~~’ ~i- ~~t~ ’r L ~~

3 3 2 ~ I L r r cQ.~a ~I ~~~ ~~ Pt ~~~ ~~ 
t ~~~

Th e error co~~a r 1 a n c e  is an €3 b y B m a t r i x  w h i c h

r e p r e s e n t s  an e s t i m a t e  Of the - n c e r t a i n t y i t —  t he  estimate of

the User ’s state T h i s  c - a r i a - c e ,  he r e  den oted b u cQ~
. a s

propagated •~~~e r y  .-‘4 second s ac o ’ d a n g  ~o ‘~~~e m a t ’ i i  equation

cG’~(t .dt I • • CS~V ’ (t ) • •

I
where 

~Q~~
’ denotes kh p u p d a t e d  (o r  best e s t i m a t e ’ )

covariance at time t . d t  is t h e  p r o p a g a t i o n  in terval e q u a l

I
to 24 seconds , 

~~~ 
is thp outer lo o p  t r a n s i t i o n  m a t r i x ,  PJI

~j

is the transpose of ~~~j- and ~ is a col umn vector whose

PAGE 157

t 

-—-~~~~~~~~~~~ - - -- --- -- -~~~~~-~~~~~~~~~~~ 
_ _ _ _ _ _ _



‘II

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _ _

I components are terms known as p r o c e s s  n o i s e  The p r o c e s s

n o i s e  terms as i mplemented in MVUF are constants (If f i l t e r

a d a p t a t i o n  had been added to the MVU€ de si gn. these process

I 
noise terms wou ld have been used to a d a p t  t h e  c o v a r i a n c e  to

system conditions b a s e d on the current m agnitudes of

measurement res i duals I The Oute i Loop transition matri a

I 
~~jL is i d e n t i c a l  in form t o  t h e  Inner Loop tr ansition matrix

P±jJ e x c e p t that t h e  t i m e  of p ’opa gation constant dt is given

th e  v a lue 24 sec c o r r e s p o n d i n g  to the lon ger pro pagation

t me

In r e a l i t y th e above eq.’ a t i n -  are not c a r r i e d  o u t

d i r e c t l y For computational accurac y ari d s t a b i l i t y, the

c o v a r i a n c e  is d e c o m p o s e d  in t h e  # r m

___ • Q • VI

I
whe re 

~ 
is an upp et t t  ian 4 u l a r €3 t-y B m a t r i x  w i t h  a l l

I diago na l ent ries equal 1. ~ T is the t r anspose o f  ~~~ . and ~ is

a diagonal m a t r i x  w i h  p o s i t i v e  d i a gonal entries The I~ and

Q elements are stored in t h e  MV~ ’I in a s i r g l e  B X B matrix

I whose off dia go nal entries are the o f f  d i a g o n a l  elements of

~ and whose d i a g o n a l  e n t r i e s  are the d i a g o n a l  e l e m e n t s  of

I

I 
The ~~j j  • CO’~ • PifiT computations are performed in the

— ~ formu l a tio n  The  a c t u a l  c o v a r i a n c e  is c o mputed f r om

I
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and the m a t r i x  Q is a d d e d  to th e r e s u l t  A M o d i f i e d

Chol esk y Decomposition formula as then used to transform the

I resultin g propagated cova r iance back to the 
~~
—Q form The

PIVUE sy s t e m  a l w a y s  stores the c ov aria n ce in the (J Q

I formu lation (but in a s i n g l e  B by B m a t r i x  as d e s c r  bed

ear l i e r)  If t he  t r u e  c o . a r i a n c e  re p r e s e n t i n g  s t a t e

estimatio n unce r t a i n t y a-s d e s - i ’ed , it must always be

I 
computed from the V — Q e l e m e n t s

The cova r ian ce propagation tasis are ;-e r formed in the

J mod ule N2NCPR

3 3 2 ~ 2 ~j r~~r c~?~ ..rA~ -~c r 
- ~~~~~~ d~~ ~IItII G.i~~s

I
The f i l t e r  g a i n s  ~‘ 4 or a p a r t i c u l a r  s a t e l l i t e

I measurement xnc orporat on are comput e d by the e q u a t i o n

~ • C~~V • i 4 T ’  (H  • C~~V • HI • N)

I
where

1
cQ~ 

• Covarian e m a t r i x  after p r o p a g a t i o n

I • •atrai r e l a t i n g  p a r t i c u l a r  s a t e l l i t e  range measurement

I 
and use r state de fined in parag r aph 3 ‘ 3

— tran spose of ~

I 
P4 • V a r i a n c ,  of r e c e i v e r  range measurement n o i s e  for the

pa r t i c u l a r  s a t e l l i t e  (The value is a p r e s e t  constant )
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The er ror cova ria nce is updated according t o  the e q u a t i o n

I

I where  the  p ra m ,  d e n o t e s  the updated value of the c o v a r i a n c e

a n d  
~ 

as the B by B u nit y m a t r i x  w i t h  d i a g o n a l  e l e m e n t s

equal I and o f f  d i a g o n a l  e l e m e r t s  equa l  0

I n a c t u a l i t y, these equation s are n o t  implemented

d i r e c t l y -  since the covariance is  d e c o m p o s e d  i n t o  a ~~~~~

formu lation as d e f i n e d  a n  3 3 ~ 2 1 A l l  computations are

computed in the V — Q f o r m u l a t i o n  and the a t ual covariance is

never computed or used Th e co v a r Ia n t e  update and gains

computatio n tasks are p e r f o r m e d  in t h e  - t u d u l e  N~MCUP The

g a i n s  for on ly one s a t e l l i t e  a -c c o m p u t e d  in c a c ti 24 se ond

outer loop Thus, new gai t - c  for a p a r t i c u l a i  s a t e l l i t e  are

cOmpute d once every 9~ seco n ds when t r a k i n g  4 s a t e l l i t e s .

o n c e  e v e r y  120 s e c o n d s  f o r  s a t e l l i t e ,  a’ ‘~ once every  144

- second s for 6 s a t e l l i t e s

j 3 3 .‘ 3 Co,Dut&1&Qn ç f N R~.j %Jfl~ ________

ieaiurv ~ents t.g Viir~ ~t&%~
I Thi s  m a t r i x  is a c t u a l l y  a row ~.~~tor H wi t h  the

foll owing com ponents

I ~~( 1 )  • (x—xs )/R C

- 
~~~~( 2 )  — (y— ys)IRC
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I ~~(3) (z—is )/RC

~~(4) • ~f(5) 11(6) • 11(8) • 0

i~ (7 )  — I

I
where i. q. and i are the position components of the user ’s

I state v e c t o r ,  is. ys and is are the p o s i t i o n  components of

I 
a part i cular s a t e l l i t e ,  and RC is the computed range to the

s a t e l l i t e

I 
If the s y s t e m  is in a degraded m o d e  a n d the II m a t r i x

for a l t i t u d e  hold is b e i n g  c omputed. th, equ a tions are the

I same ..cep t is. y s  and is e q u a l  z e r o  and H(,’) — U

The tasks are pe~ form ed in the m o d u l e  ‘.~‘NFO~

I
3 3 3 ~igIyreme~ t çg~~~~~j j jg~n, anti ç c t r t.. t i ç n s  Fur~c tj9j~

This f u n c t i o n  is r e s p o n s i b l e  for C L m p o t i n g  th e me asured

ran ge to e a c h  s a t e l l i t e  b ased 0’ raw r e c e i v e r  measur ement

da t a and for c o r r e c t i n g  t h i s  m e asurement for s a t e l l i t e  cloc k

error and a t m o s p h e r i c  p r o p a g a t i o n  d e l a y  e r r o r s

3 3 3 1 !Ieaswre~ f tas ’q.t c -g p p w t it i on

T he m easured ra nge NM is computed base d on r e c e i v e r

measurements for a p a r t i c u l a r  s a t e l l i t e  according to the

I

NM — 0 02 C ( User FTF - SV FIF I—

PR • rb • C ( ‘IS — TI • TC )

PAGE 3 61



r - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

________

I whe re

C • Speed of light  in 1/17 pc h ap / se cond units

USER FTF • Use r cl o c k  20 m i l l i s e c o n d  count since the

preced ing m i d n i g h t  ¶atu rd ay /Sunday

I By FTF — S a t e l l i t e  C l o c k  ~0 m i l l i s e c i . nd count since

I 
the p r e c e d i n g  m i d n i g ht Satu e- da y /Sunda~

PR • Pseudo range count ii 1 / 1 ’  p c h i p  u n i t s

I 
r b  • User r a n g e  b i a s  s t a t e

TS Sat e l l z t e  c l o c k  c o r r e c t i o n

I YE — A t m o s p h e r i c  d e l a y  c o r r e c t i o n

I 
‘IC • I n i t i a l  e s t i m a t e  of user ’s c l o c k  bias

The r e l a t i o n s h i p s  b e t w e e n  the v a r i o u s  c l o c k s  and the true

ran ge N from the user to th e  s a t e l l i t e  are d e p i c t e d  in

Figure 3 3—4

I The preceding tasks are performed an the module N2MSC I

except for the a d d i t i o n  of the atmos p her i c correction to the

I measured range T h i s  a d d i t i~~’ is  d o n e  in t h e  modu le N1PINVT

I 
in s t e a d y—state and in tas k N 1MINT d u r i n g  s a t e l l i t e

ac qu is a t a or’

1

I

I -

I
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1 ~ ~ 3 2 ~ t.osph.ric Correctio ns

I 
The atmospheric correctio n YE used in the measured

range computation a s  c o m p o s e d  of an i o n o s p h e r i c  t ime d e l a y

I 
correction and a tropospheric time d e l a y  correction During

t he a c q u i s i t i o n  mode . the c o r r e c t i o n s  are both c omputed

I according to sam p l e  models w h i c h  do not require any

measurement da ta Dur ing s t e a d y — s t a t .  o p e r a t i o n -  the

I correct ions are c o m p u t e d  o n c e  e .ch 24 seconds for a

p a r t i c u l a r s a t e l l i t e  Th us , when four s a t e l l i t e s  are b e i n g

t r a c k e d .  the time b e t ween a t m o s p h e r i c  c o r r e c t i o n  u p d a t e s  is

96 sec onds fo r  5 satellites the update time is 120 seconds

and for 6 s a t e l l i t e s  is 144 s e c o n d s  During stead y — s t a t e

op eration . the ionosphe r ic c o r r e c t i o n  is based on an  L l / L 2

m e a s u r e m e n t  t e c h n i q u e ,  w h e r e a s  the troposp heric correction

a s based on the same model use-I d u r i n g  the a c q u i s i t i o n

mode

The f o l l o w i n g  e q u a t i o n s  ar e used to compute the

atmosphe ric corrections

(I) Ionosphere c o r r e c t i o n  — a c q u i s i t i o n  mode

RI • -2 l5E07 • RC / (RC~~.2 
— -

- 237E14)

(2) Io nospher , co r r e c t i o n  — steady-state mode

I RI -‘ — 1 5457278 • (PRL2 - PRLI) •
0 60369363 .(PRDOT)

I (3) Troposphere correction — acquisition and s t e a d y — s t a t e

I 
NT • (((-0 2973 • ALT • 2316 0) ALT -

— 9 337E6 • NC) / (RC•.2 - 2 237E14)
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In these equations.

RI — Io ns phe re  range measu remen t  correction for a

particular s a t e l l i t e  in units of 1/17 p c h i p

NC — Computed range to a p a r t i c u l a r  s a t e l l a t e

PNDOT • Sum of LI and 12 p s e u d o  r a n g e  r ate

m e a s u r e m e n t s

j PRL I — Li p s e u d o  range m e a su r e m e n t

PRL2 • L2 pseudo range mea surement

NT — Troposphere range measu rement c o i r * ct i o n

fo r a p a r t i c u l a r  s a t e l l i t e  in u n i t s  o f  1 /17 p c h a p

A LT — A l t i t u d e  of user abo -i e WCS-72 spheroid an units

of  1/ 1~ p c h i p

Thus. the total atmosp heric time delay c o r r e c t i o n  is given by

TE • (RI • RT / C

If the sig na l source is a ground t ransm itter , no ionospheric

c o r r e c t i o ns are made to  the m e a s u red range and the t r o p o s p h e r e

correctio n is computed by

I
NT • PC • 3 l3E-4

whe re NC as the c omputed range to the pa r t i c u l a r  ground

tran sm i tte r
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I

I The i o n o s p h e r e  c c r r e c t i o n  f o r  a p a r t i c u l a r  s atellite as

smoot hed by a p p l y i n g  an exponential filte r to the indi v i d u a l

corrections res ulting from the i n d i v i d u a l  Ll/L2 pseudo range

i 
measurements The filter has a 6 4 minute time constant and

is gi ven b y

I
RI (t ) — R I ( t - T )  • 0 25 • (R I  — R I ( t— T )

I

wh ere

I RI (t ) — Smoothed iono sphere c o r r e c t i o n  at time t

R I ( t— T )  — Smoothed ionosphere correct i on a t

I time t—T

I _ Ni — I n d i v i d u a l  ionosphere c o r r e c t i o n  just computed

from LJ/L2 m easurem ent s

I • Time delay s i n c e  last ionosphere correction

was c o m p u t e d

I
The total atmospher e c o r r v c t i o n  is l i m i t e d  to be

between 100 and -“100 1/ 1 /  p c h a p

The preceding tasks are performed an the module N2MI PIC

d uring steady—state and in NIMINT d u r i n g  s a t e l l i t e

I acquisition

3 3 3 3 Sate lLi te Clock Cirr ec tio n

I 
When comput ing the measured rang. . a correction f~~r

sa t e l l i t e  c l o c k  erro r a s a p p l i e d  the s a t e l l i t e  c l o c k
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I
I correction IS as comp uted according to th. equation

TB — AO • Al a (t—tO ) • A2e (t-tO>-e.2

I
where A0. Al. A2 and tO are pa r a m e t e r s  whose v a l u e s  are

I found in the data message f r o m  a p a r t i c u l a r  s a t e l l i t e ,  and t

is the c u r r e n t  time an seconds r e l a t i v e  t o  the preceding

1 mi d n i g h t  Saturday /Sunday The A0 Al - and tO parameters are

i 
also a v a i l a b l e  a n  the al manac s a t e l l i t e  data , a nd A2 is

a s s u m e d  to be 0 w h e n  c o r re c t i n g  the c l o c k  ba sed on alm anac

I data

T h i s  t a s k  is p e r f o r m e d  a n  the module N2MSC I

l

i 3 3 4  Sate l l ite  P&LA~~ipfl CQmpy tati Q r’tj aii~ c o n s t , l l a t i o ~

Selection Eun c tio n

I This function is an~~o k e d  e - e r q  t w o  m i n u t e s  d u r i n g

s t e a d y - - s t a t e and is i n v o k e d  c a c t i  t ime a new s a t e l l i t e  is

I acqui red d u r i n g  the s a t e l l i t e  a c q u i s i t i o n  mode In a d d i t i o n .

the f unction i s c ommanded once b e f o r e  any s a t e l l i t e s  have

been a c q u i r e d  so that an a p p r o x i m a t e  range to eac h s a t e l l i t e

can be c omputed based on s a t e l l i t e  almanac data stored in

the MVUE p r i o r  to s a t e l l i t ,  a c q u i s i t i o n  This function can

I be s u b d i v i d e d  into the followi n g three sub functton s

(1 ) S a t e l l i t e  p osition computatio ns (2) Fit c o e f f i c i e n t

I c omputations (3) Satellite constellation selection

I The position of each s a t e l l i t e  is c omputed for three

po ints in time separated by 60 seconds A quad ratic fit is
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I
I made to these three points and the corresponding fit

coefficients are used by the I nner Loop every two seconds to

compute the s a t e l l i t e  p o s i t i o n  at an y d e s i r e d  time The

I 
s a t e l l i t e  c o n s t e l l a t i o n  is - s e l e c t e d  based on the v i s i b i l i t y

and elevation of the s a t e l l i t e s  as d e t e r m i n e d  from t h e

magnitude of the s a t e l l i t e — t o — user ran ge The control of

t h ese t a s k s is performed in the module N I M S V T

I
3 3 4 1 Sa te l l~~i Position Comov tat ion s

The (x.y .z ) com ponents of any s a t e l l i t e  a r e  c omputed

I given the orbital parameters of the satellite , and the time

fo r which the position a s  to be  computed The orbit al

pa rameters are obtained either f r o m  the almanac data base.

~r from the e p h e m e r i s  data w h i c h  is sent down an the data

messa ge f r o m  the s a t e l l i t e  The almanac data is used

whenever the a p p r o x i m a t e  p o s i t i o n  of the s a t e l l i t e  is

needed. but the s a t e l l i t e  has n o t  been ac quired and

ephemeris data is not avai a lbe Ephemeris data is used after

the s a t e l l i t e  has been acquired and a more exact positi on

calculation is desired

Satellite ep hemeris/alma -a c parameterc are defined an

T a b l e  3 3—I The computat ions involved in determining the x,

y . and z compone nts in the e a r t h — f i x e d ,  earth centered

I 
cartes i a n  coordi nates at time t are summarized below the

equations used a re those d e f i n e d  in the OPS Phase I

Interface Control Document ( lC D)
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i 
( 1) Co~-- 1j ute mean motion NO

NO sq r t ( M U/ A * • 3

where MU is the WGS— 72 value of the earth ’ s universal

grav itatio nal parameter NO is c o m p u t e d  by Data B l o c k

I Processing (Master Control F u n c t i o n i  and is stored

an the e p h e m e r i s /a l m a n a c  data base

- ( 2) Compute mean anoma l y P1K at time t

I 
MK NO + NO* (t-TOE )

3) Solve Ke pler ’s equation for the e ccentric anomaly EK

I E K — ? I K - e ’ S i n EK

This equation is sol~~ed for EK by iterat ion . w ith Elk

I i n i t i a l i z e d  to P11k fo~ the f i r s t  iteration

1

I

I

I

I
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I  

— — ----- —~~~~---~ ~- -- _ 
- -



I Table 3 3— I Ephemeris/Almanac Parameters

PARAMETER DEFINITION

TOE QI’S time of d i t ~ a p p l i c a b i l i t y

I
A Semi-majo r a x i s  of orbit

MO Mean ano m al~ at time TOE

I E c c e n t r z c i ~~y of orb i t

OMEQAO : Rig : . t a s c e n s i o n  of the ascending node at

I

: time TOE

OMEGA ’ Drift r a t e  o f  the r i g h t  ascension

I 10 I n c l ina t i o n  of  t h e  o r b i t

w : Argument of p e r i g e e

I CUC . CUS • Harmoni c c o e f f i c i e n t s  for the argument of
l a t i t u d e  c o r r e c t a n i

CIC . CIS . Harmonic c o e f f i c i e u t c  f~~~r o r b i t  i n c l i n a t i o n
c o r r e c t i o n

I CRC, CR~~~. : Harmonic c o e f f i c i e n t s  for s a t e l l i t e  rad ius
co rrection

I

I
I

I

I
. These higher order correct ion parameters are not incl uded
in the almanac data
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4) Compute true anomaly V1k fr om

I 
cos (VK ) — (cos (E1k) - e) / (1-c cos (E1k ))

sin (VK ) sq rt (1 — e..2) sinCE K ) / (1 — e cos (Elk))

( C 5) Compute argument of l a t i t u d e  PHIK

PHIK • • W

I C 6) Compute second harmonic perturbation DtM . DRK.

I 
and DIK if ephemeris data is  b e i n g  used O t h e r w i s e .

s k i p  these comp u tat ions. and set p e r t u r b a t i o n s  t o O

I DUI’~ • ç,~jg sin (,~ PHI~k) • CUC tos (2 PHIK )

DRK — CPU cos~~ PHI)’.) • CRS s i n ( 2  PHI)~)

I DIK • CIC cos (2 PHIl’ ) • CIS sin (2 PHI ) ’.)

7 )  Compute c o r r e c t e d  argument of l a t i t u d e  UK.

orb i t  r a d i u s  P1k. and i n c l i n a t i o n  of o r b i t  Ilk

UK - PHI)’. • DUSk

• A (l — e cos (E)’)) • DRK

I — 10 • DI)’.

8) Compute l o n g i t u d e  of asc e n d i n g  node OMEGA)’.

OMECA)k • OP’IEGAO • (OMf~~A ’ —OM€GA[’) (t-1OF )

- OMFCAE ’ TOE

wh ere OMEQAF ’ i s t h e  e a r t h ’ s ro t a t i - n a l  r a te

(9) Compute Pos i t i o n  in o r b i t a l  plan .’

1K’ — )‘ cosWlk)

I VP.’ • RI’. s in(UK )

(10) Comp ute the ( x .y.:) c omponents of the s a t e l l i t e

position in e a r t h — f i x e d  c o o r d i n a t e s

XI’. • 1K’ cos (OMEQAK ) — VP.’ cos (II’ ) si n (OMEGA$.)

VP. • 1K’ si n (OMECAK ) — VI’.’ c o s ( I K )  c o c ( O M E GA S k}
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I f  a ground  t r a n s m i t t e r  is b e i n g  us ed .  t he  i .y .  2

components are sto red in the data base and do not  have to  be

I c o m p u t e d

The p r e c e d i n g  t a s k s  a~~e performed in t h e  m o d u l e  N2MSV [

S p e c i a l  technique s ha., been used an th , module c o m p u t a t i o n s

to m a x i m i z e  a c c u r a c y  us i n g  REA c e4 p r e c  i s i o n  Th e se

t e c h n i q u e s  t e n d  to  m a k e  t h e  c o d e  a p p e a r  more c o m p l i c a t e d

I 
than the .‘~~o-~e equation s would i n d i c a t e  Also, when using

almanac data . the num b c r of w e e k s  s in c , th e a l m a n a c  was

I stored must be a c c o u n t e d  for T h i s  i s  d o n e  b y c o r r e c t i n g  TOE

according to the equaticn

TOE - TOfI—804800 0.(NMSWKS-- MNRWSkS)

I where NPtSWKS is the c u r r e n t  wee p numb,-  s i n c e  Jan 1 .  1978

and MNRW KS is week num be T r.lat i v .  t n  Jan 1918 for w h i c h

t h e  a l m a n a c  d a t a  wa. a p p l i c a b l e

I
Ti 3 4 2 F jt cQ, c c ~~ç~~,pt c~~~~~~~~ ç~j

I After the s a t e l l i t ,  p o s i t i o n  f~~r t h r e e  p o i n t s  60

seconds a p a r t  as c o m p u t e d  in N?PISVE . a par abola is fitted to

I these t h r e e  p o i n t s  so that the p o s i t i o n  of the s a t e l l i t e  for

any time w i t h i n  or c l o s e  to the 2 min u te per i o d  can be

c o m p u t e d  with fewer c o m p u t a t i o n a l  s t e p s  The quad ratic fit

coefficients FO. Fl. and F2 are computed using equations of

the form

I
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I
I
i 

FOx —

f l i  — XP.(3) — XK (l )

I F2i • 2 • X1k (l ) - 4 • X1k (2) • 2 a X1k (3)

wh e r e  FOx . F i x ,  and F2x are the c omponents of the zeroth ,

fir st . and second order f i t  c o e f f i c i e n t s -  and X$.(1). XK(..’).

and XP. (3) are the i c om pon ents o~ the s a t e l l i t e  p o s i t i o n  for

( th. fi r s t ,  second and t h i r d  p o i n t  in time along the o r b i t

Similar equations are used to compute the  y and z fit

c o e f f i c i e n t s  Th e f i t  c o e f f i c i e n t s  are n o r m a l i z e d  to a time

of 120 seco nd - s w ith ze ro time at the m i d d l e  time point The

absolute time for the m i d d l e  t i m e  p o i n t  i s stored in a

fourt~i f i t  c o e f f i c i e n t  pa r am e t e r w h i c h  is denoted here as

FT

F i t  co e f f i c i e n t s  are b u f f e r e d  so t h a t  w h i~~ P the system

is using the f i t  c o . f f a c i e T t s  for one 2 min u t e  p e r i o d  the

f i t  c o e f f i c i e n t s  For the n e x t  ‘ m i n u t e  p e riod can be

* computed

These f a t  c o e f f i c i e n t  tasks are ç.rform.d in th e  m odule

I N2MSVP

3 3 4 3 Satellite Canitelkatlgn Seli~ t ion

T h e  t a s k s  p e r f o r m e d  by t he S a t e l l i t e  Constellation

8e l e c t a o n Sub fun ct ion are con ..niently d i~~ad e d into those

tas ks performed be fo i e the s a t e l l i t e s  are acqui red and those

tas ks p e r f o r m e d  d u r in g  stead y s t a t e

I
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When i n i t i a l i z i n g  the system. the operator has the

c hoice of selec t i n g  the satellites to be a c q u i r e d  and used

for n a v i g a t i o n  or allowin g the sy s t e m  to se le . t  the

s a t e l l i t e s  If the operator s e l e c t s  the s a t e l l i t e s .  tli.

- s a t e l l i t e  s e l e c t i o n task in the N a v i g a t i o n  S u b s y s t e m  has
v e r y l i t t l e  to do The onl y task is t o  F i l l  an arr ay w i t h

t he s a t e l l i t e  ID ’ s that the user selected so that thei r

position can be c omputed End f~~t c o e f f i c i e n t s  generate d If

the o p e r a t o r  doe - s not select the s a t e l l i t e s  then the

foll o w i n g  s t e p s  a re gon . e th r ...gh to determine what

s a t e l l i t e s  •~~r the s y s t e m  t o  a c q u i r e

(1 ) C o m p u t e  the square of t he  r a n g e  ‘o e a c h  s a t e l l i t e  for

w h i c h  a l m a n a c  d a t a  is in luded in the d a t a  b a se  T h i s  i s

a c c o m p l i s h e d  b y c a l l i n g  th e m odu le N .’NSVI and c a l c u l a t i n g

the i. y and z components of the sate I l i t ,  p o s i t i o n  at the

cu rren t time as input by the o p e r a t o r  a d  then computin g

the ~qua ’- e of the range R..2 a~~~or d i r g  to the equation

Raa2 — i s— . •.. • ys y )’ •

where .s y s and is are the s a t e l l i t e s  po ition c omponents

and i . y  and z are the p o s i t i o n  c omponents of the user as

c omputed b y the coordinate trans form ation function in the

Maste r Control Subsy stem based on the l a t i t u d e .  l o n g i t u d e .

and a l t i t u d e  i n p u t  by the operator
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I
(2) Eliminate a ll s a t e l l i t e s  wit h range squared greater than

I the range squared corresponding to a s a t e l l i t e  at an elev a t i o n

of 5 degrees

I
(3) Order the r e m a i n i n g  s a t e l l i t e s  from smallest range

J squared to largest range squared T h i s  c o T r e sp o n d s  to ordering

the s a t e l l i t e s  acco rding to ele vati on from hi ghest to

I owe et

1 4) Se l e c t  the s i x  s a t e l l i t e s  ~i i th  the h i g h e s t  e l e v a t i o n  and

%tore in an ar ra y a n  the order of h i~~h est elevation to lowest

- e l e v a t i o n  If less than s i ’  s a t e l l i t e s  ha- ,, e l e v a t i o n s

greater than 5 degrees then the s a x  elemen t array as f i l l e d

with tho e v i s i b l e  sate l ite s and zerocs are put a n  the

remaini ng eleme nt s

T h e s e  t a s i - ,  a r e  p~~r?orm.d in the mod ule N~?MSVS

3 3 4 3 2 
~ttiUi%i ~ikti1t~n ~~~~~ t~~JL Statt

Dur ing stead y — s t a t e  o p e r a t i u r , th e s a t e l l i t e  s e l e c t i o n

funct i on r easse s the v i s i b i l i t y of t~~. sa t e l l i t e s  every two

m i n u t e s  a c c o r d i ng  to the f o l l o w i n g  s t e p s  The control of

t hese t a s k s  is p e r f o r m e d  an t h e  m o d u l e  NIPIBVT

I
(1) If the cu rrent s a t e l l i t e s  b e i n g  t ra krd were s e l e c t e d

I by the O p e r a t o r ,  no taskt are perf ormed , a e . t h e s e

s a t e l l i t e s  w I l l  be used r e g a r d l e s s  of their elevation
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(2) If Master C o n t r o l  r e q u e s t s  that a new sat e l l i t e  be

a ded  to the constellation. b i~~a u se l e s s  than s i x  s a t e l l i t e s

are currently being trac ked. or if Maste r Control requests

I that a s a t e l l i t e  c u r r e n t l y  b e i n g  t r a c k e d  be r e p l a c e d

b e c a use i t ’ s ele v a t i o n  as l.s~. than S d e g r e e s  or it has

I been lost from r e c e i v e r  track , then the s a t e l l i t e

s e l e c t i o n  mod u l e  N2MSVS a s c a l l e d a i d  p e r ’ o r m s  the

f o l l o w i n g

I a Compute the range squared at two -~ i f fe rent times for

t hose s a t e l l i t e - s  r o t  c u r r e n t l y  being tra c k e d  and for which

I an almanac is in the data b a s e  I hit  is a c c o m p l i s h e d  by

c a l l i n g  P42tISVE for those s a t e l l i t e s  not c u r r e n t l y being

tracked

b E l i m i n a t e  those s a t e l l i t e s  wh ose ele ~~ation s are less than

S d e g r e e s

c D e t e r m i n e  w h e t h e r  eac h  s a t e l l i t e  is r i s i n g  or setting by

c o m p a r i n g  th . ra n g e  s q u a r e d  at the two times

D Sel ect th .  r i s i n g  s a t e l l i t e  .-ith th. lowest e l e v a t i o n  as

the replace ment s a t e l l i t e  If no r i s i n g  s a t e l l i t e  is v i s i b l e

(elevat ion great .t than S degrees ) . ‘elect the highest

setti n g sat e l l i t e  as the r eplacement s a t e l l i t e

j (3) If a replacement SV is found. N2MSVP is c a l l e d  so

that fit coefficients can be c omputed Also the

I in i t i a l  s a tellite c l o c k  correction based on a lmanac  d a t a
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is c omputed

(4) The final task of satellite selection durin g s t e a d y

I state is to c ompute the range squared for each s a t e l l i t e

curre ntly being tracked and determine if the satellite

I ele v a t i o n  is less than 5 deg r e e s  If a satellite is

found with e l e v a t i o n  les s than 5 degrees. Master Control

is informed so that a replacement s a t e l l i t e  can be

J 
requested the next time the satellite s e l e c t i o n  funct ion

a s  invoked This task is p e r f o r m e d  in the module NIMSVT

I
- 3 3 5 ~ec ,iver A idi rr~ ~ii,trctigjiI In each 2 second Inner Loop t i m e  p e r i o d .  M a s t e r  C o n t r o l

requests Navigation to p r o v i d e  a i d i n g  data to be used by the

r e c e i v e r  when a t t e m p t i n g  a c q u i s i t i o n  or r e a c q u i s i t i o n  of a

I s a t e l l i t e  s i g n a l  N a v i g a t i o n  p r o v i d e s  two d i s t i n c t  t y p e s  of

aiding as follows

(1 ) N a v i g a t i o n  A i d i ng  — Ihe  r a n g e s  and r a n g e  r a t e s  c o mputed

I to aid the r e c e i v e r  are b a s e d  on the na ..ig a tio n solution. i e

t he e s t a c a t e d  user state as o u t p u t  b y the P a l m a n  f i l t e r  t o g e t h e r

w it h the c omputed s a t e l l i t e  p o s i t i o n  and v e l o c i t y a r e  u s e d

to  com pu te  range and ran ge rate

(2) Re c e i v e r  Self Aid in g — Th e rang es and range rate -s used to

aid t he r e c e i v e r  are based on e s t r a p o l a t a n g  the last r e c e i v e r

I measurements forward an tame to the desired aiding time

Th is type of ai ding is almost totall y i ndepen dent of the
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navigation sol ution It does depend weakl y on t h e

n a v i g a t i o n solution through a c omputation of range

a c c e l e r a t i o n  used a n  the e z t r a p o l a t i o n  p r o c e s s

I

I

I

I

I

I

I -

I .
I /
/

I

I

I
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T a b l e  3 3—2 Identification of Receiver Aiding lype

I

I SYSTEJI CQNDITLQf4 T YPE ~~ AIDING
I —_____ —--—  -t

‘ 
(1) I n i t i a l  s a t e l l i t e  a c q u i s i t i o n  Navigation

(2) C/A Co de r e a c q u i s i t i o n  Self

I (3) P code r e a c q u i s i t i o n  prior to n a v i g a t i o n~ Sel f
filter convergence

I 
(4) P co d e  r e a c q u i s i t i o n  when less than Self

4 s a t e l l i t e s  a re b e i n g  t r a c k e d

(5) P code r e a c q u i s i t i o n  after f i l t e r  : Navigation

1 conve rgence and 4 or more s a t e 1 l~~te s
b e i n g  t r a c k e d

(8) New sa t e l l i t e  a c q u i s i t i o n  d u r i n g  : Navigation
I s t e a d y — s t a t e

(7) p code r e a c q u i s i t i o n  for f i l t e r  a v e r a g e  Self

I m easurement r e s i d u a l s  g r e a t e r  than 100
1/17 p c h i p

(8)  P c o d e  r e a c q u i s i t i o n  for newly a c q u i r e d  Self
s a t e l l i t e  whose fit c o e f f i c i e n t s  based
on e p h e m e r i s  data hav.  not  y e t  been
computed

I

I

I

I

I
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The t ype 0 -  a i d i n g  u sed f-or p a r t i u l a r system

conditions is i d e n t i f i e d  in T a b l e  3 3 - c’ lh , a i d i n g  provided

to the r e c e i ver in e i t h e r  c a s e  in c ludes e s t i m a t e s  of the

f o l l o w i n g  system v a r i a b l e s

(I )  Range

(2) Range rate

(3 )  C l o c k  ba - a s b e t w e e n  t h e  u s e r  .i’-~1 t hc s a t e l l i t e

( ( 4 )  S a t e l l i t e  1 5 second epoc h

1 (5) User 20 m i l l i s e c o n d  epoc h corr e spo n d ~~~~~ to sa t el  l a t e

1 5 second epoch

I
The range a i d i n ç  is an un .ts o~ 1O~ nanos econds, thus

I the range as d i v i d e d  by the speed of l i g h t  ar~d m u l t i p l i e d  by

1E7 before sendin g the a i d i n g  data t o  t he  r e c e i v e r

I Throug hout the remaining d i - c u s s i o n .  r a i g e  a i d i n g  w i l l  m e a n

range converted to time n i f - s

Th e r e c e i v e r  a i d i n g  ta si s a re  p e r f o r m e d  in the module

I N2MAID e x c e p t  f~~r the c o m p utatio ns of ~ange . ‘a r g e  rate , and

ran g e acc .l.’-ataon w h i c h  .~‘e a c c o m i - l i ..hei n the module

I N2MRNQ using currert ~ al man F i l t e r  e s t i m a t e s  of the user ’s

state

1 3 3 5 1 Nava QatlOn Aidi°~
Under co ndit i o n s  where th e navig ation filter is

I converged and is assumed to have a reasonably good estimate

of the use r stat e - or under c o n d i t i n r - -~ w h e t e  no measurement
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I data on a particular satellite a s a v a i l a b l e ,  n a v i g a t i o n

aiding is used to assist t he receiver an acquiring or

reacquiring the satellite signal

Th, time for w h i c h  a i d i n g  is  required is computed and

the module N2MRNG is  called to c ompute range and range rate

I based upon the f i l t e r s  best e s t i m a t e  of the u s e r ’s s t a t e  a n d

I 
the position and v e l o c i t y of  t he  s a t e l l i t e  as computed using

the quadratic fa t c o e f f i c i e n t s  for the s a t e l l i t e  o r b i t  The

at m o s p h e r i c  range d e l a y  is a d d e d  to the c omp uted range and

then the range and range rat. are expressed in units of 100

I nanoseconds and 1 040667 me t e r s / s e c  r e s p e c t i v e l y b e f o r e

passing the data to the re ce~~~er

I The b i a s  b e t w e e n  the user c l o c k  and the s a t e l l i t e  c l o c k

is defined in F i g ur e  3 3 - 4  a nd  i~~ c o m p u t e d  f r om  t h e

equation

I
TB r b / C ‘ T& • IS

I
w h e r eas rb a s  the f i l t e r  range bi.. s state - C is the v e l o c i t y

of l i g h t  IC i s a  constant equal to the i r i t i a l  estimate of

I 
user clo c k bi a s . and IS i c  t h e  s a t e l l i t e  c l o c k  b i a s  The

user to s a t e l l i t e  tame bias TB is p assed to the receiver in

units of 100 nan oseconds The r-ost recent s a t e l l i t e  1 5

I
-second epoc h and the corresponding user ~0 mi l l i s e c o n d  epoch

are also computed and sent to the receiver

I In the s p e c i a l  system mode used for- a c q u i r i n g  almanac

data f r o m a s a t e l l i t e ,  the a i d i n g  range and ran ge rate

PAGE 181

I 

-



- -u 1

p rovided to the r e c e i v e r  are set to zero if a i d i n g  has been

requested for a sa t e l l i t e  for w h i c h  the system does not

pre s e n t l y have any almanac data I n  this case t h e  receiv er

uses a pec i a l  mode to sea r c h  all  frequenc ie s and times when

at tempting s a t e l l i t e  signal a c q u i s i t i o n

I
3 :i S 2 Self 4

~J .tAJ1i

Under (ondi t ions where a good rece i ,er mea surement has

been p r o c e s sed in the pa st for a p a r t i c u l a r  s a tellite , and

the n a v i g a t i o n  e s t i m a t e  of user state is suspected to be

poor. receiver self a i d i n g  is used to estimate the a i d i n g

p a r a m e t e r s  The r a n g e  sel f a i d i n g  is estimated by

extrapolat ing the measu red pseudo range forward in time

acco rding to the equatio n

PS TB - PR/C + RDOT • [ 7  •

w h e r e  TB as h e user to s a t e l l i t e  c l o c k  bi a s . PR is the

pseudo range count. C is the speed ~ f l i g ht . RDUI i s the

measured r a n g e  rate. PA is the range a c c e l e r a t i o n  c omputed

a n  t h e mod u l e  N2~ RNG , and DI is the time interval over which

the m e a s u r e m e n t  a s  e u t r a p o l a t e d  Th e value of PS is then

compa red with the estimated rang . computed in navigation

aiding i n order to determine the extrapolated range to

wit hin 10 m i l l i s e c o n d ,  of the c o m p u t e d  r a n g e  Thi insures

t hat the correct number of FTF c l o c k  counts have been

— included in the total estimate of range aid i n g
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I The computation of user to s a t e l l i t e  t l o c b  bias ,

s a t e l l i t e  1 5 second epoch . and cor re sponding user 20

millisecond epoc h are c omputed in the s a m e  manner as

d e s c r i b i d in p a r a g r a p h  3 3 5 1

I ~ ~ ‘ Sunolem,ntal Fvnct~~ons

I 
Several more minor f u n c t i o n s  are al ’o pe rformed by the

Na igatio n Subsystem They are de ..crib e d t. riefly an the neat

few p a r a g r a p h s

1 3 3 6 1 jni~~a 4la4 Iti Q n

W h e n e v e r  the s y s t e m  as commanded ~- y the operator to

I acquire s a t e l l i t e s  and comp u te a fix .  t h e navigation f i l t e r

state v a r i a b l e s  an i c e r t a i n  s y s t e m  p a r a m e t e r s  are

i n i t i a l i z e d  Th. i n i t i a l i z a t i o n  c the p o s i t i o n  of the user

as do ne an the mt-i d u l e  NIMSVT w h i c h  as the f i r s t  Na~~iga tion

Subsystem module to be a c t i . at e d  The Master Contr ol

Subsystem computes th e user ’s r .  y .  z earth—centered ,

- earth - f a r e d  c o o r d i nates b y  t r a nsf ormation of the operator ’s

CDU in p u t  of  h i s  p o s i t i o n  T h e  p o s i t i r n  components of the

user state vector is i n i t i a l i z e d  when these values are

passe d  to the Navi gation Subsyste m The i n i t i a l  range to the

I r e n t e r  of the earth is also c omputed at t h i s  time in the

event that d e g r a d e d  mode o p e r a t i o n  is r e q u i r e d

I The v e l o c i t y c o m p o ne n t s  of th e  user ’ s state. t he range

I b i a s  and range b a a - s  r a te states . and the f i l t e r  C o v a r i a n c e

s t a t e s  are i n i t i a l i z e d  in the m o d u l e  N 1MINT The vel o c i t y
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I
states and the range bias r a t e  state a re  i n i t i a l i z e d  to

zero The range bias st ate as i n i t i a l i z e d  as zero however.

an es timate of the i n i t i a l  user time bias is c omputed after

the first s a t e l l i t e m e a surement is made by assuming a zero

measurement residual and so l- ~ i ng the r e s u l t i n g  equation for

ti me b i a s  The r e s u l t i n g  equation is g iven b y

TC RC/C -- 0 0,2 • (USER FT p  ~~ Ii ) + PN/C—TS

where  the v a r i a b l e s  used have d e f i n e d  p r e v i o u s l y in sections

3 3 2 1 and 3 3 3 1 T h i s  i n i t i a l  estimate of  u~,er  ti me bias

is then a d d e d  to the ti vr v e q u i v a l e n t  of th e range b ias -state

w h e n e v e r  th e  t o t a l  user time bias is to be estimated

The d i a g o n a l  of the co~~arian c. e m a t r i r  i s  i n i t i a l i z e d  in

units of 1 / 1  p c h i p  b t  e q - a v a l e n  to th e f o l l o w i n g

P o s i t i o n  Tp rm ~~

~,.lo i t -~ 
r erms -8 33 me t e r s /se t ).. .~

Pa n-a . Bia s  Te’- m — ( -

R ange B ias ‘~ite Term — (0  ~~~ m ef-ers/sec )..~

The o f f  diago nal te rms are i n i t i a l i z e d  o zero

The c o r r e l a t i o n  t im e consta nt s used in the trans ition

ma tric .c . the process noise c o v a r i a n c e  terms. and the

var ian e of the m e a s u r e m e n t  noise are i n i t i a l i z e d  an the

m o d u l e  N IMMIT

In the c a s e  of a system warm sta’ a f e ~ t h e  •~~st .- as
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I
been plac.d in the standby mod.. the user po sition

components of the state and th. use r  tim e b i as  (incl ud in g IC

and rb ) are not r e i n i t i a l i z e d  A l l  other variabl es and

pa rameters or. r e i n i t i a l i z e d  as just de s cr ibed

3 3 ó 2 SDh,rica1 Error Est imit,

An e s t i m a t e  of the u n c e r t a i n t y in the estimated

pos ition of the user i s  c omputed in th .~ module N1PINFL This

e s t im a t e  i s  ba sed on the averag e of the measure m ent

r e s id u a l s  and est im ated bia s •rror ~ due to m u l t i p a t h  error .

( atmosp heric c o r r e c t i o n  m o d e l i n g  r~~ror~~. etc Tb. averag, of

th. measurement r e s i d u a l s  is computed in the module N2MAID,

and th. b ias error i s estim ated to be 10 737 m eter s  These

two q ua ntities are summed in N1PINF L and output to the CDV as

the e s t i m a t e d  u nie rta i nt y in th e user s p o s i t i o n

3 3 6 3 5tI tLg~~~rM. ‘~Lii r ~~~~~~ SmQQt h;ng .
y

Wh.n.v.r the operator bnow s that the MVUE w i l l  be

sta t i on a r~~. h• can command a stat i ona ry u~~•r mode v i a  the

COO Tb . N av i gation Subc~~s t.m pe r f o r m s  two tasks in this

mode

( 1 )  The user v e l o c i t y s t a t e s  a r e r e s et  t o  z e r o  p r i o r  to

propagat ing th. s t a t e  vector

(2) The user s p o s i t i o n  state is s m o o t hed by an

e t p o n .nt i a l f i l t e r  with a 30 ce cond time roris tan t

befor e outputting the da t a  to the CDV v ia the Master
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77
I Control Subsystem The r e se t  o f  t h e  v e l o c i t y s t a t e s

is a c c ompl is hed in the module N2MNEQ and th . posit ion

stat • smoot h ing fi l ter equation is of the Form .

I
~~(t) — P(t— dt ) • 0 067 C — 

~~ 
(t—dt )

I
~ h eTC

I
I P (t) • Smoothed user p o s i t i o n  ~e tor at t ime t

P~~t— dt ) — Smoothed u se r p o s i t i o n  vector at tim. t— dt

f Pj — Cu rrent ‘alm a n f i l t e r  b e st e s t im a t e  of user

I 
p o s i t i o n  v e ctor

dt Tim, int e rval betw een stat . update s 2 seconds

In the impl .m . tat ion of this fil ter. onl 9 the diff,r~~nce

between the  state and an i n i t i a l  est im ate of the stat. a s

sm ooth ed in order to p r e s e r v e  the f i l t e r  accuracy u sing

REAL.4 floating point a r i t h m e t i c  T h i s  tack is p e r f o r m e d  an

the m odule N?MNEO

1 3 3 6 4 Rjj Qj~~ t

The o p e r a t o r  is info rme d v ia a CDI.) warning message

I whenever the  ~VtJE o s c i l l a t o r  ha s a ran ge b i a s  rate in e t c e s s

of 10 meters/s.c ab s o l ute value Th. range b i a s  rate state

is m ontto red and compared a g a i n s t  the 10 meter/s.c t h r e s h o l d

I in the module P42P1A10 The c omparison is made onl~ if the

f i l t e r  has converged. a e • th. average  measurement r e s i d u a l ,
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I
I are l.ss than 100 meters If the range b i a s  rat. state

e i ceed s the t h r e s h o l d .  a flag is  set . and the Master Cont rol

subsystem c Ommands the C DI.) to iss ue th. warning message

I
I
I
I
I
i
I

I
1

~
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3 4 MVUE EXECUTIVE SUBSYSTEM

3 4 1 General

The E *e c u t i v e  Subsystem i s a  c o l l e c t i o n  of p rograms and

* data sets d e s i g n e d  to a ll ow the ‘A p p l i c a t i o n s ’ so f twa r e in

the v a r i o u s  p r o c e s s o r s  to  o p e r a t e  as r e a l — t i m e ,  c o n c u r r e n t

processes The A p p l i c a t i o n s  (or O p e r a t i o n a l )  software is

t hat port ion of the GPS r ,al~~t ime  so ft wa re which e i e c u t e s

the QPS mission-oriented funct ions and algorithms The

E t e c u t i v e  p r o v i d e s  the i n t e r f a c e  b e t w e e n  (1 )  pr o c e s s o r

i n t e r r u p t s  and the a p p l i c a t i o n s  software. (2) between the

a p p l i c a t i o n s  tasks. and (3) between c a l l i n g  and ca l l ed

subprograms

Three major features of t~~e CPS Ii.cutiv . a r e as

follows (1 ) Ma.imum c om m o n a l i t y of p r o c e d u r e s  and data

b l o c k s  among the d i f f e r e n t  classes of QPS user equipment.

(2) Hig h d e g r e e  of m o d u l a r i t y  in eac~ Loc al Eiecut ive . (3)

Simpli c i t y ~n d s e c u r i t y of in t e r f a c e s  among individual

modules of the E ,e c u t i v e ,  as well as between the E~~e c u t a v e

and A p p l i c a t i o n s  software

All operational software (i n r l u d i n g  portions of the

Eiec utive ) is d i v i d e d  into the following he i rarch i es , last.d

a n the order o1 decreasing eie ution contr ol levels Tasks.

and Subprogram s

A Tas k represents the smallest software component

v i s i b l e  to the Evec u t i v e .  i e • a task is the smallest
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software entity whic h the E i e c u t a v e  w i l l  e a p l i c i t l y  s c h e d u l e

and dispatch for ezecution At any ti me during the

r e a l — t i m e  process. a task is considered as being in one of

se veral p o s s i b l e .  w e l l — d e f i n e d  states F u t h e r m o r e .  a task

is the smallest software ele ment which is allowed to

I communicate to the Eie cutive Control vi a £ ae cutive Service

Routi nes and thus .i p l i c i t l y  influence the future course of

t he c o m p u t a t i o n a l  p r o c e s s

I A Subprogram (or S u b r o u t i n e )  is the software component

which a s below a task in the E i e c u t iv e  control hierarch y

I structure Since subprograms may c a l l  (invoke ) other

su bprograms. they may form several level s of software

mod ules in this structure

The E ie c u t iv e  activates the tasks in a l l  th. processor

subsystems and subsequentl y c ontrols the necessary sharing

I of processo r time that must occur in a real—time system

For this purpose. the tasks are d i v i d e d  into two large
‘7

categories. foreground and b a c k g r o u n d

The foreground p r i o r i t i e s  each have a required

etec ution rate. in the sense that they must be eiecuted once

I an a certain time per iod The tasks a y e  ordered into

p r i o r i t y  c l a s s e s  accordi n g to thei r e i e cut ion rates The

F background p r i o r i t i e s  use 1 7ocesso r tim e as it is made

available b y the c ompletion of the foreground They are

ordered acco rding to the d e s i r a b i l i t y  that they receive this

I left—over processor time

Since at is often necessary for a p rogram module to be
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av a i l a bl , for use by concurrent tasks. the Execut ive

provides a m eans by which reentranc y may be accompl ished

without loss of d ata integr ity Each concurrent use of a

routine accesses its own data area for the routine The

e x e c u t i v e ’s role is to allocate this area and provide the

base address to the calling routine

The E x e c u t i v e  performs the processor self—test

functions and logs errors arising both from these and other

hardware and software cond itions. suc h as memory parity

errors

Processo’ inter rupts ar, also handled through the

Ex ecuti ve The ~ir am m r y interrupt in the P’VUE s y s t e m  is the

Fundamenta l Time Frame (FTF). a 20-millisecond counter

There are other timer interrupts also occur ing at a fi x e d

rate . which perform sche d u l i n g  and synchronization These

transfer co ntrol to the process d i spatcher . A d d i t i o nal

interrupts are generall y involved in error reporting and

return to whichever task was e x e c u t i n g  when the interrupt

occur red

The major scheduling functions are handle d in the 20

millisecond i nterrupt handler Priorities ready for

e x e c u t i o n  in the upcom ing time period are marked . and each

task that was sup posed to fin ish in the preceding 20—ms

per iod is chec ked to see that at d i d  Control is thøn

passed to the disp atch er . which starts the h i g h e s t  priority

task thus marked This a s the key functiona l element an the

E x ec u t iv e
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I There are u t i l i t i e s  c a l l e d  Executive Service Routines

I 
whi ch perform oft—repeated scheduling and other functions

for the applications processes Process activation , stop

I (deactivation ), and waiting are the scheduling functions

Other functions include granting and relinquishing sole

I access to data sets. passing arguments to called

subprograms . provid i n g  reentrant linkage where appropriate.

and logging error reports

Also incl uded in the E x e c u t i v e  are service routines for

software floati ng poi nt arithmetic * integer and extended

integer ari t h m e t i c  packages . and memory allocat ion for the

different P roc ~~5 5 O T 5

Fig ure 3 4 1 — 1  contains the h i g h — l e v e l  flow diagram for

t he e x e c u t i v e

I
I
I
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POWER-ON INTERRUP T 20-MS INTERRUP T

I
I 1 POWER-UP INT A I 20—Ms INTERRUP T 1
I I HANDLER 1 1 HANDLER

I I I
I 1 1 1 1

1 1 — — — — > 1 -- -- 1< 
1 1 1 DISPATCHER 1< 

I 1 1 1 1< 1
1 1 1 1 1 1
1 1 ) 1 ( 1 1 1
1 V 1 V 1 1

1 1 1 -- 1
1 1 PROCESSOR 1 1 1 A PPLICATIONS 1 1 1
1 1 SELF— TEST 1 1 1 1
1 1 DRIVER 1 1 1 1 1 1
1 1 t — — - — i  — - -- )t( I
1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1-  V V V V I
V V

1 PROC ESS I I PROCESS 1 1 PROCESS I
I PROCESSOR 1 1 A C T I V A T E  I I W A I T  1 1 STOP
I SELF-TEST 1 1 SERVER 1 1 SERVER I I SERVER I

T

I

FIGURE 3 4 1-1 EXECUT IVE FLOW DIAGRAM

I
I
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3 4 2 S~&ste m ~.tj ~~
j  ______

This section desc ribes the error recordin g data set.

XERROR . the format of errors record ed . and contains a list

of all t he MVUE errors which are reported to the e x e c u t i v e

f programs. X3ERR and X3ERRA

I 
Er rors are recorded in XERROR starting in the location

l a b e l e d  XEBUFS The first word of each error messa g e is the

i number of words to follow That as . if there are three error

desc riptors , then the first word w i l l  contain the number S

I The second w o r d  contains the E r r o r  Code w o r d  ( ECU) .  and

third word contai n s the 20 - ms FTF co unt The remainin g words

contain the a p p l i c a b l e  error des r i p t o r s  This is a 28 word

c i r c u l a r  buffer

‘ 
Locatio n Contents Word

XEDROP No of errors dropped because buffer fu ll 1

XEPTRF Wo rd in XEDOFS to be f i l l e d  n e x t  2

XEPTRE Wo rd in XEBUFS t o  be e m p t i e d  next 3

I ~E9UF5.O N. No of w o r d s  t o  f o l l o w

I 
XEflUF5~~I ECU. Error Code Word S

X EBUFS+2 20-ms FIF c o u n t  6

I 
XEBUF5.3 Error Descriptor I 7

XEBUFS.4 Error Descriptor 2 8

and so on.

XEBUFS.N Error  Descriptor N-2 4+N

I Other error messages follow up to
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I
XEBUFE Follows last word in XEBUFS

To determine the current contents . the information to

consider starts with the location contained in XEPTRE and

c o n t i n u e s  th rough  the  wo rd  w h i c h  p r e c e d e s  the l o c a t i o n

contained in XEPTRF

The Error  Code Word and the descriptors are se n t to

ei ther X3ERR or X3ERRA as argumen ts  Th. f i r s t  two bits of

the Er ro r  Code Word are suppl i e d  by the error handler , and

they indicate the subsystem 01 is master state. 10 is

navigation. 11 is recei ver

When there is not enough room to record all of a

repo rted error , then none of the error is recorded However.

t he fact that t h e r e  was an error dropped a s indicated in

XEDROP The c o n t e n t s  of XEDROP is in cremented by 1 for  each

er ro r  d r o p p e d

A l i s t i n g  of  t h e  e r r o r s  w h i c h  may be r e p o r t e d  f o l l o w s

The Er ror  Code  W o r d  ( ECU )  is  l i s t e d  f i r s t,  f o l l o w e d  by the

name of  t he  modu le  w h i c h  i n i t i a t e d  the  e r r o r  r e p o r t  On the

r i g h t hand s i d e  a d e s c r i p t i on  of the a r g u m e n t s  is l i s t e d

w i t h  a d e s c r i p t i o n  of the error listed first

0101 XLIPOW I Processo r s e l f  test

2 20-ms FTF (LSW )

3 No useful words follow

4 Error code generated from X2TST/X2TFP

5 De scripto r I

6 Descripto r 2

PAGE 194

4 .
_ _ _ _ _ _ _ _ _ _ _ _ _ _  —----- - -~~~~——-~-~ — -- - -- —- ---- --~~- — -  -- ,— -.—



I
7 Descriptor 3

8 Descriptor 4

0102 X 1 I M  1 Memory p a r i t y  e rro r

2 20—ms F T F ( L S W )

3 PC wh en pa ri t y t r a p  o c c u r r e d

0103 X I I I  I I—b us time out

2 20-m s FTF (LSW )

3 PC whrn time — out occurred

0105 X I I F S  I FPAU retu rned an error status

2 20- ms FT F ( L SW )

3 FPAU status word. b i t s  0 and 4 to 15 unused

b i t  I on. overflow

b i t  2 on. unde rfiow

b a t  3 on. invalid operand

4 PC of interrupted m o d u l e

Ol0~ X I I T O I  I No a c t i v e  proc.s~ in I—ms p r i o r i t y

2 20-m s FTF (LSW )

0107 X 1 I T O S  I 3—ms p r i o r  over run  i n c o m p l e t e  last peri od

2 20-ms FTF (LSW >

3 Ptr  to p r i o r i t y  of overrun task

4 PC of  ove r run  task

0207 X I I T O 5  I s - ms se~ out of  o r d e r .  5—m s not eq 3 from 20-ms

2 20-ms FTF(LSW )

3 S-ms c ount
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I

0307 XIITO5 1 5—ms co unt > 3 count/ m t seq out of sync

2 20-ms FTF (LSW )

3 5--ms count

I
0208 XI !T20 I 20—ms update count not • XC OO2O ( s y s  out of sync )

2 20-ms FTF LSW

3 Update 20--ms count

0308 X 1 I T 2 Q  1 20—ms p rior overrun , inc omplete lait period

2 20-ms TF (LSW )

3 Ptr to p r i o r i t y (XLEVEL b l o c k )  of o-/errun proc

4 PC of overrun proc

0408 X 1IT2O 1 l a c k g r o u n d  p r i o r  overrun , incomplete last period

2 20-ms FTF(LSW )

3 Ptr to p r i o r a t y (XLEVEL b l o c k )  of overrun proc

4 PC of overrun proc

0109 X I I N T .  1 Unwanted inter rupt level 2

.~ 20-m s TF (LSW )

3 PC of i n t e r r u p t e d  m o d u i c

OIOC X I T S T  I Processor self-test error

2 20-ms FTF (LSW )

3 No of useful words follow

4 Error code generated from X2TST/X2TFP

S Descri ptor 1

6 Descriptor 2

7 Descriptor 3
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8 Descriptor 4

OIOD X2TST I RON checksum test fai lure

2 20-ms FTF (LSW )

3 Nc’ of useful words following

4 Error code

5 ROPI b l o c k  start address

a RON b l o c k  end address

1 E x p e c t e d  c h e c k s u m  value

8 Computed c h e c k s u m  value

020D X2TST I RAN memor~ te x t f ailure

2 20-ms FTF (LSW )

3 No of useful words fol l o w i n g

4 Error code

S RAM b l o c k  start addr es s

8 RAM b l o k end address

7 B’d RAM locat i o n

B Had RAM v a l u e

030D 1.TTST I B a s i c  a r i t h m e t i c  f a i l u r e

..~ 20--ms ITF (LSW )

1 No of useful words f o l l o w i n g

4 Error code

5 CZC mask for a r a t h / l o g i c  test

6 V a l u e  on w h i c h  CZC a p p l i e d

. (ignor e )

8 (ig nore )
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I OIOC X2IPOW I Processor self test error

2 20—ms FTF LSW )

3 No of use fu l wo rd s follow

4 Error code generated from X 2 T S T/ X 2 T F P

S D e s c r i p t o r  1

1 6 Descriptor 2

I
F D e scriptor 3

8 Descriptor 4

0111 X 3AC T I More than two a r gs  a s s e d

I 20- ms TF (LSW )

3 PC of a c t i v a t i n g  task

0211 X3AC T 1 R e c e i ver no > ma x r e c e i w e r  no

220 - ms !T~- LSW )

3 Re ei~~er number

4 PC of a c t i .a t i n g  task

1 0311 XJAC T I Task al read y a c t i v a t e d

. 20-ms FT F (LSW )

1 3 poi n t e r  to p r ocess in iPROC

4 PC of a c t i - .atin g tas k

I
0113 X3CANC I More than two ar gs p a s s e d

I 2 20-ms FTF LSW )

1 0213 X3CAN C I No rec e i v e r s  greater than max a l l o w e d

2 20-m s FT F ( L SW )

I
O a l S  X3REG I Time out on ga i n i n g  sole a c c e s s  to c ommon
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I 2 20-ms I 1~ (LS W

( 0215 X3REQ 1 No ar gs not 1

2 20-ms I- T F(LSU )

I
0116 X3REL 1 No args not — 1

I 2 20—ms FTF (LSU

1 011* F ROMY 1 No of a r g u m e n t s  does not agree w i t h  c a l l e r

2 20-- m s FTF (Lc ;w)

3 c a l l i n g  program PC

4 Called pro gram PC

5 No o f a r g u m e n t s  e x p e c t e d

01 10 X3TIMM I No ar g s  not • I

~ 20-- ms FT~ (LSW )

0210 *3TIMM I M o d u l u s  not p o s i t i v e  value for time re quest

2 20-- ms FTF (LSW )

OIIE IASHFT 1 Overflow when s h i f t i n g  left. si gn b i t  changed

2 20-ms 7’ ‘LSU )

O IIF F r x t p  1 F l a t i n g  p o i n t  i n t e r p r e t e r  error

2 20-ms ITF (LSW )

3 Stat us word (BO •div by 0. B1~~overf low.

B2~~und er flow. B3 i l l e g a l  inst, • B4 co d e error )

4 PC of in stru ct ion ~n error

0120 X 3ERRA I Error r e p o r t s  hav , been d r o p p e d

2 20—ms FTF (LSW )
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I
1 3 No of errors dropped

0121 EASHF T I Overflow when shifting left . sign bit changed

2 20-ms FTF (LSW )

I
0221 EASHFT I A b s o l u t e  v a l u e  of shi ft count greate r than 15

2 20-ms FTF (LSW )

0126 EXINT I Di vis or g r eater than or equal to 2e.16

2 20-ms FTF (LSW )

~ (ignore )

4 MSW of arg

5 LSW of arg

6 EXINT UP

7 (ignore )

B (ig nore )

9 User UP

10 User return PC

012c XUNT7 1 Unwanted int e rrupt I,~- .l 7

2 20- ms FTF (LSW )

Ol sa M2RMOD I I n v al i d  SV status for RCVR mo de d e f i n i t i o n

- 
2 20-ms F T F ( L S W )

3 SV ID

4 Invalid SV s t a t u s

I 0196 R2PC~ I R~~SFLQ not zero (M2DBPR not ‘ead ~~
)

2 20-ms FTF (LSW )

I
- 0191 RIPIN I Overflow error
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1 2 20—ms F1F LSW )

0297 RIPIN 1 Overflow er ror

2 20-ms FTF (LSW )

I
0397 RIPIN 1 Overflow error

I 2 20-ms FTF (LSW )

1 0497 R1PIN 1 OVERFLOW error

2 20-ms FTF(LSW )

I
0198 RIRPIO I Slop. >..7ff P

I 2 20--ms FTF(LSW )

0298 RIRMO I Slope <—3 or slop. >80

2 20--ms FTF(LSW )

0398 RIRPIO I N e g a t i v e  d i v i s o r

1 2 20-ms FTF (LSW )

0499 RIRMO I I nvalid 1 1 / 1 2  frequency f lag
- 

2 20-ms FTF (LSW )

01C4 R2XSPPI I Pass counte r ‘ 4

2 20-ms FTF (LSW )

01CC ATAN2 I I l l e g a l  i nput arguments to ATAN2

2 20-ms FTF(L.9U )

1 3 f i r s t  input  argument

4 second input argument

I
OICD COS I Abs value of COS input argument 16
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.‘ •‘() ms ~ II (L~~W )

3 argument value

OICE SIN 1 A b s v a l u e  of SIN input argument > 16

f 2 20-ms FTF(LSW )

3 argument a l u e

I
I
I
I
I
I
I
I
I
I
I
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1
I 4 0 HARDWAR E SUBSYSTEM DESCRIPTION

I 
The f o l l o wing  is  d e t a i l e d  b r e a k d o w n  of the various

segments of th. hardware p o r t i o n  Th, b r e a k d o w n  includes

I the folLow ing

Recei ver/Processor Section

( Control D i s p l a y  Unit

Ve h i c l e  Installation ~~it

MVUE Anten na

Batte ry Pac k Unit

1 RECEIVER/PROCESSOR SECTION

As p o i n t e d  out pr e v i o u s l y  the Receiver/Processor

Sectio n inc l u d e s  the fo ll ow ing

RF Pr e - C o n d a t i o n i n g  Section

Receive r Section

Data P r o c e s s i n g  Unit

E x t e r n a l  Input/Output Module

Maste r O s c i l l a t o r

MV%JE Instrumen tation Sy ctem Interfac e Module

PIVUE POWER StJPPL’~

Refer to F ig u r e  4 1— 1  for a Receiver /Processor Functional

B l o c k  Diagram
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4 1 1 RE PRE COND1T1ON INC SECTION

The R e c e i v e r  AF Pre—Con d i t i o n in g  Section is connected

d i r e c t l y to the antenna p or t s  The hardware provides gain

I (42 + 1 dB ) and e s t a b l i s h e s  the No i se Figu r e for the system

(50 dU nominal ) The RE Pre—Cond itioning unit a c c e p t s

I inputs from two areas One set of inputs come from the

local antenna (l S4Fo and 120F0) which correspond to the LI

and L2 SV c a r r i e r s  r e s p e c t i v e l y  Th, second input i s

sou rced by the V e h i c u l e  Installatio n I ’ .it ~V I$) Pre—Amp lifze r

wh i c h  is in essence ha rdware l i k e  the RE Pre—C ind it ion ing

I Section. but this hardware is remote fr om the Receiver/

I 
Processor This s ig n a l  from the VII’ Pre-- A m p l i f i e r  thus does

not r e q u i r e  amp l i f i c a t i o n .  and.  i t  the refor e must onl y be

rout ed t h r o u g h  t h e  R1 P r e — C o n d i t i o n i n g  ~,e(~~~~i O f l  when ta 1e user

de sires V II ’~ operation The output of the RF

Pr e — C o n d i t i o n in g  Unit is forw a ’ded to the W i d e b a n d  Module of

t he R e c e i v e r  S e c t i o n

I

4 I 2 RECEIVER SECTION

The Receiver Section under ~~~ c ontrol of the Data

I 

Processing Unit p r o v i d e s  the means to e x t r a c t  the necessary

information from the SV sign a l s  to det ,rm ine the users

I position and time Th e f o l l o w i n g  p a r a g r a n h s  w i l l  delve into

t he various m o d u l e s  that c o n s t i t u t e  the Nece iver Section

I
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4 1 2 1 WIDEBAND MODUUL~

The W ideband Module (WOM) down converts Li or L2

fre quen c i e s  to IBFo + 10 P1H z (IF ) using L 0 inputs (l3bF o

I or 102F o r e s pe t i ve l y )  from the Frequency Synthesizer

Modu le The W BM has a g a i n  of  43 dli (n o m i n a l)  3 dli

I b a n d w i d t h  of 15 P1Hz. and c o n t a i n s  the f i r s t  AGC loop  for the

system The 14DM also r e c e i v e s  a Bu~~l t—I n— T e st Module test

i nput which is u t i l i z e d  for fault isolation This test

input is on Li or U carrier to e x e r c i s e  the entire

R e c e i v e r  The IF signal that is generated b y the 14DM is

b u f f e r e d  and f o r w a r d e d  to the two Narrowband Modules

4 1 2 2 NARROWDAND MODULES

I 

The N arr cwband M odul es (NBM ) r eceive IF (lUF o +10 P1Hz)

from the WBM In its f i r c t  c u n c t i o n  i~~ m i x e s  (correlates)

I either NRZ P—code or C/A code c r o m  t h e  code generator . with

the UBPI IF down converted sig n a l  Th. module proceeds to

.1 f i l ter and a m p l i P - .~ the corr e~~atp d IF The IF is then routed

I through two down convers i on s Th ,  first involves an L 0 of

l7Fo whi c h  y i e l d s  an 1~ of F o • 10 MHz Prior to the second

I c o n v e r s i o n  the Fo • 10 MHz signal i s p o we r  s p l i t  i n to  two

channe ls  T h e  two s i g n a l s  thus  f o r m e d  are r o u t e d  to the

seco nd c o n v e r s i o n  w h i c h  is a c c o m p l i s h e d  with an L 0 of Fo +

10 P1Hz and an L 0 of Fo • 10 MHz • 90 degrees in two

d is t i n c t  m i x e r  d e v i c e s  F r o m  t h ese  two mixers , the error

I (E) and the data (D) baseband s i g n a l s  are derived The

— absolute value of the E channel and the absolute value of

I
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the quadrature 0 channel are d e r i v e d  A c or relat i on output

is fo rmed u t t l i i t n g  the e q u a t i o n s  shown be low

3 :E ~ + 1/2 D~ FOR :E: : :D :

3 : D : • 1/2 :E: FOR :D: ) :E:

This corr ,llat i on output c. v rre s ponds to the code ph ase

ali gnment response when the code is i n j e c t e d  at the first

m i x i n g  operation in th e NBM

The a p p r o p r i a t e  sum is rout ,d o~~t by c o m p a r a t o r  d r i v e n

s e l e c t  l o g i c  to control th e ~‘rid A (C fij n ct ion and to be

monitored by the Output Modu le as t~~e co~~r e Iat zon voltage

The I s i g n a l  is b u f f e r e d  out as t~~ e Phas• I c k e d  Loop (PLL)

error to the  F r e q u e n c y  Syn~~ - e s i z e r  M o d u l e  The signal is

a l s o  d i f f e r e n t i a t e d  and b u f f e r e d  out as t~ -e fr e quen cy Lock , ’

Loo p (FLU ) error to th e I equer~~ ~~ nt hes~~zer M o d u l e  The D

sig nal is f i l t e r e d  to e x t r - .- t 50 Hz dat~ ‘o be sa m p l e d  by

the Output Mo du le

4 1 2 3 OUTPUT ~I)Pu~ I

The Output M o d u l e  r e c e i v e s  the c o r r e l a t i o n  voltages

fro m the Narrowband ~ c~d u l e s  1b.. e cor~~r l a t i o n  v o l t a g e s  are

d ig i t ’ z e d  in t he  O u t p u t  Modu e to  a l l o w  p e a k i n g  of the

o rrel atio n voltage Pr or tc t h e  d i g it a l  c o n ve r s i o n

process the processor may invoke va rious integration

i n t e r v a l s  ove r w h i c h  the co rrelation ~.olta ge is integrated

These i n c l u d e  1 ms 3 ms and 20 ms The ~1~ I tput  Mod ule also

in t e g r a t e s  and samples the f i l t e r e d  0 signal from the

Narrowband M o d u l e  Under processor cont r ol data -s s ampled
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I
and stored in the Data P r o c e s s i n g  Unit The Output Module

can also pe rform a range rate m e a s u t e m e n t  w h i c h  involves

measurin g the Frequency Synthesizer frequency The

J 
p r ocessor me r el y en ables a counter to count b etwee n two k ey

time marks A s i g n a l  from the F r e q u e n c y  S y n t h e s i z e r  is

e n a b l e d  and c o u n t e d  during the i n t e r v a l  d e f i n e d  by the time

marks W h e n  the r e c e i v e r  s e c t i o n  is in at SV a c q u i s i t i o n

mode . the F r e q u e n c y  S y n t h e s i z e r  f r e q u e n c y  e x c e p t  for system

errors r .pre sents an SV ’ s d o p p l e r  shifted si gnal Thu s this

measurement is t e rm ed a ra n g e  r a t e  m e a s u r e m e n t

4 1 2 4 FREGUENC ’V SYTHESIZER MODULE

The Frequency S y n t h e s i z e r  Modul e (FSM ~ comprises that

hardware n e c e s s a r y  to p ro -.~i de lo c a l  o s c i l l a t o r  (L 0) signals

to variou s po r t i o n s  o~ the s y s t e m  (W13M h4I3M (TIM and etc )

T he Re e i v e r  system i s  t e r m e d  a c o h e r e n t  system which

i m p l i e s  that a l l  LO ’s are frequency or p h a s e  l o c k e d  to the

r e c e i v e d  ~ V s i g n a l  when o p e r a t i n g  on an SV Tb, FSM

r e c e i v e s  both the FIt  and PLL s i g n a l s  p rom the NIlMs Under

processor control , the FSM can be set to fu n c t i o n  in either

a frequency lo c k e d  mode ~ r a ph as e  l o c k e d  mode These modes

are d e t e r m i n e d  by m o n i t o r i n g  s y s t e m  errors which is

performed b y t he s y s t e m  p r o c e s s o r  The FSPI can also  be set

to a fixe d  frequency via a D/A converter The proce ssor can

load in a f r e q u e n c y  word and s e l e c t  the D/A converter to

prov ide a voltage to a Voltage Controlled Crystal Oscillator

(VCXO) re s i d e n t  in the FSM The proce ssor . when in a f i x e d
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frequency mode . can invoke a range mi~asuremeni t operation in

the Output Module to verif y the fr e 4u enc y - - setting Th is

type of operation i-s involved in a VCXO c a l i b r a t i o n  and in

I VCXO set
I -4

I 4 1 2 4 CODE GENERATOR MODULE

The Code Generator Module (COM) is involv e d in two

p r i m a r y  functions The CGM g e n e r a t e s  various codes on

command b y the OPU These code - s i n c l u d e  ‘the P-code and C/A

c o d e  for all  SV t y p e s  These c o d e s  are g e n e r a t e d  with FSM

I c l o c k s  w h i c h  im p l i e s  that a l l  c o d e s  g e n e r a t e d  are c o h e r e n t

or do p p l e r  c o m p e n s a t e d  b y the re c i v e d  c i g n a l  Th~
. DPU may

shift the c o d e  (forward or b a c i w a r d )  u u i t h  respect to the

received code to peak the C o r r e l a t i o n  Volta g e from the NBPI

wh i c h r e c e i v e s  t h e  g e n e r a t e d  c o d e  Th e COM can also p r o v i d e

I ran ge m e a s u r e m e n t  information Af te y ha~.-i n q  a c q u ired and

pe a k e d  the Co rre lation V~~lt aqe on soi’-~ P- - cod, the DPU has

the c a p a b i l i t y  to m e a s u r e  the e a p s e d  t i m e  b e t w e e n  an

internal 20-ms time m ark a rl i a 20 ms do p p l e r  shifted data

c l o c k  When in co rpor ated w i t h  the ? count derived from

I sampled 50-Hz data. the measurement r e p r e - e n t s  the range to

a n SV with some time  b i a s  i n c l u d e d  T h e  t ime  b a is  is

a s s o c i a t e d  with th . users chosen tim , interv al

4 1 2 6 BUILT-IN--TEST MODULE

I The B u i l t — I n — T e s t  Module (B !TM) generates test signals

for the sy ste m to allow fault isolation The OPU may invoke
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the 8IT PI to generate either an 1 1 or an L2 pse~~do r e p l i c a

- sign a l  which are m o d u l a t e d  by an Al  code arid B a r k e r  Code

onl y The signals are routed to the WBM to be inputted l i k e

I 

RF from the antenna ports The DPU proceeds to activate an

Xi code from the CGM and ac quires this signal in a s i mil a r

I f a s h i o n  to that of ac q u i r i n g  SV’s

4 1 2 7 RECEIVER OPERATIONAL CHARACTERISTICS

I The f o l l o w i n g  d i s c u s s i o n  w i l l  summar i ze in a hig h  level

manner t~~e various functions performed b y the receiver now

I that the modules have been d i s c u s~.ed b r i e f l y

The receiver a c q u i r e s  and oh e rent h y tracks an incoming

I SV sign a l  For s i g n a l  powe r to be d e t e c t e d .  ~he r e c e i v e r

must first o~ a l l  be a l i g n e d  by the OPU to the a p p r o p r i a t e

d o p p l e r  s h i f t e d  frequency a s s o c i a t e d  w i th  the de s i r e d  SV

I The DPU is p r o v i d e d  w i t h  some p r i or  k n o w l e d g e  as to w h i c h

S V s  are a v a i l a b l e  The DPU ar-m s the F eq i ency Synthesizer

such that the VCXO w i t h i n  is set o u i t h i n  i~~5 Hz of the

desired s i g n a l  c a r r i e r  The [)P’’ then a c t i v a t e s  the CGM to

inject the C /A— code as S oc i ated w i t h  the d e s i r e d  SV into the

NBM’ s E~ h NI3M is in j e cted w i t h  the same code, however the

c o d e s ~~re  spaced b y 1/2 a C /A BIT c e l l  or c h i p  One is

1 termed Early w h i l e  the other late The DPU activates the OPI

to d i g i t i z e  the C o r r e l a t i o n  Voltage signals from eac h NBM

after havin g allowed integration of the signals over some

I DPU controlled time interval The samples thus obtained are

c ompa red to a pr edete rm~ ned threshold If the threshold is
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I not e x c e e d e d  the DPI) a lt e rs th e  1CM ode pha ..v by 16/17 t h ’ s

of a c h i p  and r e p e a t s  the in t e g r a t i o n  and d i g i t i z a t i o n

process This process is cont inou s l y r epeated (1089 time - s

or 1023 ch i p s  if required ) until the threshold is e x c e e d e d

~4hen the threshold is exceeded the DPU invokes a dif ferent

I code s h i f t i n g  a l g o r i t h m ,  w h i c h  involves code sh i fts of 1/17

of a c h i p  to pea k the C o r r e l a t i o n  .~o 1t age to a ma ximum

value In performing the p e a k i n g  function the processor

u t i l i z e s  an enhancement t e c h n i q n e  (Earl y--L ate A l q o r i t h m )

w h i c h  is r e p r e s e n t e d  b y the f o l l o w i n g  eq~ - a t i o r -

I D i s c r i m i n a t i o n  f u n c t i o n

- f — C o r r e l a t i o n  f a t o r  r

I
Th i s f u n c t i o n  is represen ted in F i gure 4 1 2—i where

I complete a l i g n m e n t  is repress en t e d at the zero crossing (or

- 
center ) of the response curve Th~ DPU a c c u m u l a t e s  seve ral

samples of the code p hase ~s d i s c ’ - i m i n a t o r  value and

I e s t a b l i s h e s  a straight l i n e  a p p r o i i m a t i o n  valu, to the

center linear p o r t i o n  of the d i s c r i m i n a t o , -  f u n c t i o n  Th .

code p h a s e  is then set to a ph a se i’ o s ition nearest the zero

I 
cros s ing e s t a b l i s h i n g  a coar se ce n t e r i n g  of  the code This

a l i g n m e n t  t ec h~~iquv. hereafter t e f p ~~ed as code peaking.

I y i e l d s  an a l i g n m e nt to w i t h i n  • 50 ns Figure 4 1 2—2

r e p r e s e n t s  t h o s e  a r e a s  in the R e ceiver involved in this

I process Th ese areas form what i~~ termed the code loop when

in operation

I
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Once the coarse centering i a c c o m p l i s h e d  the Costa -s

Ca rrier Loop is c l o s e d  in an ~ 1 L mode Thus the FLL signals

from the NBPI are routed to the FSM’S VCXO Electronically

the loop error is  nu l led to + 15 H: The OPU per forms

anothe r code peaking operation to take advantage of the

I e n h a n c e d  signal l e v e l  c r e a t e d  by the FLL mode The DPU

I 
follows this operation by invoking the PLL mode in the

Costa -s Lo op by enabling the PLL signal from the NBM to the

I FSM’S VCXO The DPU proceeds to perform one last p e a k i n g  of

the code The carrier loop w h i c h  i invoked at t h i s  point

I is shown in F i g u r e  4 1 2 .3 T h u  d ia g r a m  e m p h a s i z e s  the

.-ari ou s m odules involved in the carrier loop

The OPU has at t h i s  p o i n t  a c q u i r e d  C/A code in phase

loc k The DPU proceeds to dete rm ine where to sample 50—H z

data The C -A  Epochs (i— m s  i n t e r v a l s )  are monitored for

c o i n c i d e n c e  w i t h  data tra nsition p o i n t s  Once the

transition points (bit c e l l  b o u n d a r i e s )  a’. defined, the COM

1 Data C l o c k  is a l i g r e d  suc h t hat data is sampled at the end

o f a t y p i al b i t  c e l l  interval Once this Bit Sync is

a t t a i ned , the DPU d e c o d e s  the d a t a  such that the Handover

Word (HOW ) can be o b t a i n e d

With the HOW . t h e  CGN c a n  be  a r m e d  to the appropriate

I P—code phase to acqu i re P-code Since the data c l o c k  Bit

I 
sync operation al i g n e d  the da ta  c l o c k  to wi ’’un ~ 50 ns of

the appropriate transition po int , the DPU loads a F — c o d e

I phase a s s o c i a t e d  with a future data c l o c k  point When that

pa r t i c u l a r c l o c k  p u l s e  a r r i v e s  the P — c o d e  s h i f t  is e n a b l e d
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This operation will th us yield a P—code phase alignment to

wit hin + SO ns The processor proceeds to peak the P—code

with the Early—Late algo rithm Thus final peaking y ields an

I alignment to withi n  1/17 of a P—code c h i p  (~ 6 0 ns) With

the alig nment of P-code . the DPU now pe t forms the ranging

1 operation This us accomplished by enabling a dopp ler

sh i f t e d  l7Fo signal (l7Fo (1 + V/C )) to a counter w i t h i n  the

C GM The i n t e r v a l  ove r  w h i c h  t h i s  s i g n a l  is counted is that

time b e t w e e n  a Bit Synced Data Clock and a 20-ms Time Mark

derived from the l0-MH~ Master O s c i l l a t o r  within the

I system When this p a r t i c u l a r  count is summed with the HOW

the resulting sum is termed the pseudo -range The term

pseudo—rang. is us e d  s i n c e  t h e  m .asu re mer t i n c lu d e s  a user

c l o c k  b i a s  w h i c h  is b r ought ab out by the t a ct that the 20--ms

Time Mat- ks are asynchronous to the coherent - signals

g e n e r a t e d  b y th e  C o sta s Loop he cod . phase. also. may not

correspond to perfect alignment at th . tim. the pseudo—range

I measurement is made. s i n c e ,  t h e  DPI) co ’-tr o l over the CGPI can

onl y resolve to 1 / i l  of a P c h i p  The range measurement.

thus . is subjected to a “ve rnie r range correction which

c o r v e s p o~~ds to the d i f f e r n c e  between the zero—crossing

derived by the co d e - p e a k i n g  operation and t P - e code phase at

I the time th e measurement was made The DPI) thus stores the

ran ge info rmation and p r o c e e d s  to s u b s e q u e n t  tasks

The preceding discussion is a general one. other

I re c e i v e r  sequences can be invoked by the processor to

accomp l ish other similar tasks The b~~sic functions.

I 
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I
I however. are those d e s c r i b e d  here

4 1 3 DATA PROCESS ING UNIT

The Data Processing Unit is the c omputational and

control Component for t he MVUE system The DPU is

I subdivided into the followi ng modules

4 1 3 1 MICROPROCESSOR MODULE

The com ponents of the MPM are t he  m i c r o p r o c e s s o r  un i t .

a d d r e s s  d e c o d e  l o g i c ,  prog rammable read—onl y memory (PROM).

PROM power sw i t c h i n g  c i r c u i t r y .  random- -access memory (RAM),

cl o c k  c i r c u i t r y .  and buf fer l o g i c

The b a s i c  f u n ctional component of th~ MPPI is the single

c hip. 16—bit , I n t e g r a t e d — I n j e c t i o n - L o g i c .  SBP 9900

microprocessor un i t The SBP 9900 is software compat ible

I with the TI 990 min i c o m p u t e r  f a m i l y  General operational

c h a r a c t e r i s t i c - s  the microprocessor unit e x h i b i t s  are

(A) 16- -bit i n s t r u c t i o n  word

( 9 )  2 75 MHz b a s i c  c l o c k

(C) Memory—to—memor y a r c h i t e c t u r e

I (D ) Memory a d d r e s s  c a p a b i l i t y  fo r up to 32.768 s i x t e e n — b i t  word

or 6S.536 ei g h t - b i t  bytes

( E)  Separate memory. I/O . and interrupt bus structure

(F) Use of 16 work—space registers in memory

(0) Up to 16 pri o r i t i z e d  interrupts

I (H) Instruction—driven c o m m u n i c a t i o n  r e g i s t e r  unit (CR1.)) and

— d i r e c t  memory a d d r e s s  ( DMA ’ 1/0 c a p a b i li t y
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The 11PM address decode logi c performs memory address

recognition and decode for the memory (PROM or RAM )

conta ined within the 11PM The PROM on the 11PM provides the

microprocessor unit with 512 words of nonvolatile storage

for program instruction and data constants The PROM

switching ci rcuitry minimizes 11PM power by d i s a b l i n g  the

power source from al l  11PM PROM devices not being addressed

The RAM on the 11PM p r o v i d e s  the m i c r o p r o c e s s o r  unit with 256

words of h i g h—speed read/ w rit e memory For allocation as

work —space memory The buf f e r logic on the 11PM memory bus

provides the mecha ni sm for information transfer between the

11PM and memory for instruction fetc h operation -s and

storage / data r e t r i e v a l  o p e r a t i o n s  The i n s t r u c t i o n — d r i v e n

CPU bus. along with the mic roprocessor unit DMA I/O feature.

p rovides the 11PM with input/output c a p a b i l i t i e s

4 1 3 2 DATA MEMORY MODULE

Each DM11 provides the system with 4.096 isords of

random—access read /w r i t e  memory for temporar y storage of

1 7— b i t  data words (16 bit s f o r  d a t a  and 1 b i t for parit y )

Each 01114 contains a single—port data and address bus

c o m p a t i b l e  w it h the 11PM local memory bus

4 1 3 3 COMMUNICATIONS REGISTER INTERFACE MOD4JLE

The CR111 consists of

(A ) C omm un ication r e g i s t e r  unit decoder and buffers

(B) Interrupt circuitry
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(C) Parity generator/ he ker

(0) Rese t  c i r c u i t r y

The CR111 d e c o d e - s  b i t s  3 throu gh 5 of th e address bus

into eight register s e l e c t  l i n e s  for use b y any CRU de vice

The other address a nd CRU co n t ro l  l i n e s  are also b u f f e r e d

for use by CPU de vices The interrupt c i r c u i t r y  synchonizes

t he i n t e r r u p t  stimuli , provides interrupt masking/clearin g

c a p a b i l i t y , and generate - s the interrupt request and code

s i g n a l s  fo r the 11PM . (refer to T a b l e  4 1 3—1 for the

In terrupt priorities ) The parit y generator /checker

performs parity c h e c k s  on read o p e r a t i o n s  and generate -s the

parity b i t  for storage during operations to read/write

memory Par~~ty errors are signaled to  the DPU as

inte rrupts The reset c i r c u i t r y  receives the various system

reset s t i m u l i  (e g . f rom power s u p p l y ) and p r o v i d e s

correspondi ng reset s i g n a l s  to the other processor modules

I
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I
T A B L E 4 1 3 — 1

DPU INTERRUPT PRIORITY RANs ING

I
INTERRUP T TYPE C OMMENTS
LEVEL

0 POWER ON NON-PIASMABLE INTERRUPT
INVOMED BY POWER GOOD
FROM POWER SUPPLY

I PARITY CR111 GENERATES CHECK
ERROR PARITY ON ALL RAMS

READ/WRITE CYCLES

2 - -- SPARE

3 MEMOR Y LOC AL BUS TIME OUT IS
TIME-OUT GENERATED BY CR111 ANYTIME

MORE THAN 4 WAIT STATES
OCCUR ON LOCAL BUS

4 IMS EPOCH 1 MS C/A COPCH

5 S MS TM 5M S TIP1E MAR~

6 20 MS FIF 20 MS FUNDAMENTAL TIME
RCVR LRL) FRAME (FTF) INTERRUP T

7 SPARE
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I
4 1 3 4 PROGRAM MEMORY MODULE

The Program Mesoru Module (P1111) is a Read Only Memory

module 16.384 16 bit words can be a d d r e s s e d  within the P1111

module The unit interfaces onto t he 11PM address and data

bus

4 1 3 5 MEMORY ALLOC AT I ON

The DPU is imple mented w i th a memory paging c a p a b i l i t y

suc h that greater than 32.768 add r e s s e s  are a v a i l a b l e  for

a d d r e s s i n g  space F i g u r e  4 1 3 — i  i l l u s t r a t e s  the memory

partitioning The lower BK of memory is termed the root

sectio n of program memory The next 16K is the pa ged

segment Two pages of program memory can be e n a b l e d  for

a d d r e s s i n g  in this segment The f o l l o w i n g  6K is d e d i c a t e d

to  s c r a t c hp ad memo ry Add r e s s e s  30.720 to 32. 000 are

unused A d d r e s s e s  32.000 to 32.768 are u t i l i z e d  by the 11PM

for PROM and RAM memory The memory paging function is

a c c o m p l i s hed via CPU comm ands to the L I T h  Wit h this pagin g

function. a total memory capacity of 47.b72 addresses are

avai lab 1 e

I
I
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I
I Ihe MVUF system is .iv auvab le in two types. the RAM rind

PROM s y s t e m s  T h ese  s y s t e m s .  as also i l l u s t r a t e d  by Fi gu re

4 1 3— 1. are either s t r i c t l y  a Data Memory Module (DM11)

I system or a c ombination Program Memory (P1111) and DM11

system The RAM system is composed of  12 01111’s wit h one

module programmed fo r 2K u t i l i z a t i o n  Th. PROM sy tem is

c omposed of three P1111’s and t w o  01111’ s One of the DMM ’s is

again prog rammed for 2K u t i l i z a t i o n  One of the P1111’s (the

Program Memory Root) is programmed for BK u t i l i z a t i o n  w h i l e

the other two constitute the two 16K pag e s

-I

I 
~~~~~~~~~ ~~3
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4 1 4 EXTERNAL INPU1/OUTPUT MODULE

The External Input/Output M odule (EIOM ) function s as

the primary interface with external d e v i c e s  and provides the

system wit h unique system functions to a c c o m p l i s h  various

tas ks The EIOM provides interface si gnals to the CDU and

the D i g i t a l  M e s sage D e v i c e  It generates key system c l o c k s

and time marks from the systems Master O s c i l l a t o r  Power

supply control emanates from the  EIOM when a user d e s i r e s  to

set the unit to STANDBy . WARMt I~~. and the ‘)N modes Included

in t he ~~IOMs implementation is a time ke e p i n g  c i r c u i t

(Digital Counter ) w h i c h  allows the syst em to b eep track of

cl asped t im e  to a resolution of 20 ms w h i l e  in a STANDBY

mode or w h i l e  in WARMUP Ir~en c o m i n g  out oc a STANDBY

sit uation the Df’~ can T.a~ the elapsed ti ~r~’ w h i c h  allows an

update of time for the r e a c q u i s t i o n  ~ ‘ocesc When in a

WARMUP situation the timer i,s m o nitored for ‘he 13 6~ nun

point At th i s  in ’.tant power is e n a b l e d  to the ent ire

s y s t e m -  as the WARMUP mode is n on-np p r ..tin g l i m i t e d  power

mode A powe r i s en ab led a level 0 zr - t.e ’’upt is issued to

the DPIJ to i n i t i a l i z e  the system i ’ t o  th . a p p r o p r i a t e

state

The EIOPI also allows the DPU to select the appropriate

memory page for program e x e c u t i o n s  This a p a b i l i t y  a~~1ows

memory capacit y to exceed the SBP 9900 s cap a cit y of 32. 768

a d d r e s s e s
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I 4 1 5 MASTER OSCILLATOR

The Master Oscillator is a 10 11Hz frequenc y reference

for t he system The o s c i l l a t o r  posses se s a short term

I st a b i l i t y  less than 2 x 10 (1 - 1 ) over a 10 sec  interval

The signals derived from the Master O s t i l l a t o r  are

I d i s t r i b u t e d  throughout the system

4 1 6 MVUI POWER SUPPL Y

The MVUE Power Supply converts a 24 VDC (nominal)

signal from either a battery or a 24 ~o l t generator into

eight d i s t i n c t  power b u s s es T h~ Luss es are s u b d i v i d e d

into sw i t c h a b l e  and c o n t ir io u c  bu sses W h i l e  in WARMUP and

STANDBY, the MV(j€ ’s s w i t c h a b l e  bu sses are i n h i b i t e d  to set

the system to a low power consuming mode W h i l e  in this

mode only áe y ~~ir c u i t~~. w i l l  be s e t  t o  the 1)N ’ mode The

EIOPI for e x a m p l e -  w i l l  have o n l y  t~~~’ standb y timer

powered Scratchpad memory as s o c i a t e d  w i t h  the processor

w i l l  be kept 0N to r etain data r e q u i r e d  f o r

r e a c q u i s i t i o n

I
I
I
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4 1 1 PIVUF INSTRUMENTATION ‘ Y~~) U M  1N11RF A~~I MODUt I

The MVUE Instrumentation System Interface Module

(1118111) is the means b y w h i c h  a user can monitor the status

of the system The status of the system can be output ed by

a number of methods The system is implemented with analog

and d i g i t a l  test p oi nts w h i c h  are e i t h e r  b u f f e r e d  or

s e l e c t e d  for mo nitor on a m u l t i p l e x e r  te st p oint The

a v a i l a b l e a n a l o g  test p o i n t s  are inputted i T t o  a m u l t i p l e x e r

such that any one can be made a v a i l a b l e  t h r u  a m u l t i p l e x e r

b u f f e r  The MISIM a l s o  makes a v a i l a b l e  the M a i n t e n a n c e

Panel interface w h i c h  allows the user t o  i n t e r v e n e  with

processor e x e c u t i o n  as the need a r i s e s  Th. M ISIM also

makes a v a i l a b l e  two otrier k e y  i n t e r f a c e s  One is the

Co ntro l D i s p l a y  I~:nit interface w h i c h  a l l o w s  actuation of

these lines si a the instrumentation po rt The second is the

PIVUE Instru me ntatio r system (MIS) r e c o r d i n g  i n t e r f a c e  T h i s

i n t e r f a c e  po rt allows d u m p i n g  of key s~~~t - m  p a r a m e t e r s  w hich

are stored in RAM memory d u r i n g  norma l sy stem operat ion

4 i 8 RECEI VER r~~OC F SSOR HARDWARE INTERFAC ES

The operational software resident in the

R e c e i v e r / P r o c e s s o r  d r i v e s  a l l  hardware w i t h i n  the ‘n i t  A l l

co nt rol is a c c o m p l i s h e d  via the CRU ct ,u c t u r e  asso i ated

with t h e SBP 9900 at  the h ea r t of the OPU Thus . software

b y u t i l i z i n g  the repetoire of CPU type instructions

a c t i v a t e s and m o n i t o r s  all hardware a c t i v i t y
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4 2 U 1 INTERNAL. CPU ‘ Yt;ILPI ‘flI(U( TONI

In employing the SBP 9900 ’s CPU c a p a b i l i t y, the system

was i m p l e m e n t e d  such that the address bus is s u b d i v i d e d  into

I four major 4 b i t  f i e l d s  These f i e l d s  are the R. 11. B and L

fields The P field bits are the PISB s. which determine

what major segment of hardware is to be addressed such as

one of N r e c e i v e r  section since some GPS systems include

more than one r e c e t - e r  T a b l e  4 1 B — i  d e f i n e s  what each

state associated wit h the P f i e l d  d e f i n e s  he 11 f i e l d  bits

are the n e x t  lowe r order t h r e e  h i t s  T h i s  f i e l d  is reserved

for a s p e c i f i c  module w i t h i n  a r e c e i v e r  rh e B f i e l d  b i t s

are  u t i l i z e d  to define a Byte of seven b i t s  w i t h i n  a module

wh i l e  the L f i e l d ,  the three LSDs .are u t i l i z e d  to defin , a

• speci fic latch w i thin a Byte The Receiver

Hardware/Software Interface Control Document TI Drawing

2009827 i s a  d e t a i l e d  d e s c r i p t i o n  of the receiver control

s i g n a l s  w h i l e  the F IOM S p e c i f i c a t i o n  Drawing No 2009714

contains those CPU operati on a s sr r i a t e d  w i t h i n  the ElOPI

• Figure 4 1 8—1 r e p r e s e n t s  t h i s  interface from a hig h  level

Not shown in diagram is the CRIM w h i c h  decodes the P field

I of the address bus The decodes are designated as CRR. and

serve as e n a b l e s  to various hardware segm e n t s  The 11. B.

I and L f i e l d s  are then routed to the various hardware modu les

along with t h e ot h e r key CPU signa l s (CROCK. CRUOUT. DATA.

I and CRUIN DATA ) The control signals required by the

I W ideband Module and the two Narrowband Modules are decoded

i n the Output module The Frequency Sy nthes i zer module
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I
I d e c o d e s  the L f i e l d  w h i l e  d e p e n d i n g  on the Output Module for

I 
B f i e l d  d e c o d e s  T he Code G ene rator M o d u l e  and

B u i l t — I n—Test M o d u l e  d e c o d e  the B and L f i e l d s

1
I

I
I PAGE 228
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1ABIF 4 1 13 1

R FIELD ASS IGNMENTS

I P Field

State D e s c r i p t i o n

I 0 CARD READER or 733 d a ta  terminal

I R e c e i v e r I (Only One For MVUE)e

I 2 Receiver 2 (Spare)

3 R e c e i v e r  3 (Spa r e )

I 4 R e c e i v e r  4 (Spare)

S EIOPI CPU Space •~~

6 B u i lt — I n  l est M o d u l e

7 Ma i n t e n a n c e  Panel I n t e r f a c e

• Re f e r  to TI Drawing No 2oo9817

•• Re fer to TI Drawing No 2009714

p

I
I
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4 I 8 2 EXTERNAL INTERFACES

The R .ce~~v er /Pro ces sor has a variet y of inte rfaces

which include operator. RF. Power. COO. Radio/DPID VIK. and

MIS I n t e rf a c e

The Operators Interface to t he s y s t e m  is i l l u s t r a t e d  by

Figure 4 1 8- 2. which is the TOP COVER VIEW of the

R e c e i v e r / P r o c e s s o r  The MVUE Use rs Manual in Appendix A

provides a d e t a i l e d  d e s c r i p t i o n  of the various controls

assoc iated wit h this operator interface

4 1 8 2 1 RF INTERFACE

The RF Interface for the Receive ’ P ,~’essor in c l u d e s

two RF inputs which correspo nd to the L i  a’~ i~~~ ( 2 5 1 5  42 ~~‘4z

and 1227 6 MHz r e s p e c t i v e l y ) s i g n a l s  4 r o m  a number of

s a t e l l i t e  ve h i c l e s  The t y p i c a l  Li and L2 s i g n a l s  is

c haracteri zed below

The Receiver /Processor is designed to operate w i t h  the

signal levels s p e c i f i e d  below

P(m in ) (ma,) C/A (MIN ) (m a x )

Li -163 dBw 130 d Bw — 163 dOw 130 dOw

L2 - l66dBw 130 dOw N/A

Link I (L I) Signal

tr snsm i tted center frequency of the L i s ignal is 1575. 42
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I Doppler offset due to SV mot ion in approximately + 4 13 KHz

I 
and doppler due to vehicula r motion of 25 0 m/sec is tO 131

KHz. for a total doppler variation of 9 9 KHz

I
The in — p h a s e  and quadrature components of the Li carrier

I w i l l  be

PSK modulated (+90 degrees ) by the PRN P—CODE modulo two

added to system data and the PRN C/A modu lo two added to the

same system data . r e s p e c t i v e l y

L i n k 2 (12) Sig n a l

The transmitted center frequency of the L2 s i g n a l  is 1227 6

MH z

Doppler of fset due to SV motion is • 3 7 1kHz and d o p p l e r  due

to vehi c u l a r  motion of 25 0 rn /sec is • 102 1kHz. for a total

of 7 6 1kHz

The L2 carrier are PS$ modulated ( +  90 de g r e e s )  by t h e PRN P

code modu lo two added to the system data or the PRN C/A

coded m o d u l o  two added to t h e  s y s t e m  d a t a

I
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4 1 8 2 2 POWER INTERFACES

The Power Interfaces to the Receiver /Processor includes

two input connectors One co nnect or . w h i c h  is refered to as

the Eiternal Power connector is associated with the

vehicular power modes The s p e c i f i c a t i o n  for a typ i c a l

sour ce is characte rized in T a b l e  4 1 9—2 T h e EXT/INT

switc h on the Receiver /Processor t o p  cover must be set to

EXT to functio n in this mode The second c onnector is on

the bottom surf ace of the Receiver/Processor The side

opposite the Top Cover
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I
I

TABLE 4 1 8-2

PRIME POWER SPECIFICATIONS

1 PARAMETER REQUIREMENT

PU N TYP MAX UNITS

INPUT VOLTAGE 20 24 30 V

INPUT CURRENT 2 50 3 75 A

INPUT POWER 60 75 W

RMS RIPPLE i 0 V

RIPPLE FREQUENCY 500 HZ

This inp ut is from the B a t t e ry  Pac k w h ich contains Lithium

or Nicad b a t t e r i e s  g e n e r a t i n g  DC power at a nominal voltage

I of 24 volts In order to function from the batte ry mode the

EXT/ INT  s w i t c h  must be set to the INT mode

I
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4 1 8 2 3 CONTROL DISPLAY UNIT INTERFACE

The Control Displa y Unit (COO ) I nterface is co-npo sed of

power s i g n a l s  and logic sig nals The CDU derives its power

from the R e c e i v e r / P r o c e s s o r  power suppl y The power buss e s

ro uted to the COO include +5 VDC and -12 VDC The lo gic

sig n als u t i l i z e d  are those involved in serial transfers to

and From the CDU The Receiver/Processor controls the

t r a n s f e r s  in both cases . that i s t o  say that , the

R e c e i v er/Processor c l o c k s  data to the CDL.) as well as

c l o c k i n g  data out The s i g n a l s  involved are those l i s t e d

be l o w

A ) CDUDIN - The serial data l i n e  u t i l i z e d  to send data to

the CDU

B) CDUCIkIN — The c l o c k  a s s o c i a t e d  wi ’h sending d ata  on the

CDUDI N l i n e

C ) CDUDOT — Th. se r i a l  data li n e  u t i l i z e d  t o  extract data f r o m

the CDu

D) CDLJCKOT — The c l o c k  a ssoc iated w i t h  e x t r a c t i n g  data on the

CDUDtJT li n e

The data formats f o r  sending and r e ce i v i n g  d a t a  to  and f rom

the COO are shown in F i g u r e  4 1 8-3 A and B
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f ~~~~~~~ 4. l •~- - 3 .  D isp lay ~ I1 lrt -~~~ I I f lh ld t

Dis p lay • Binary Hex
Loca t i on  MSB LS B 1~ c i mal

i 0  0 0 0 1 01
2 0 0 0 1 0 02
3 0 0 0 1 1 03
4 0 0 1 0 0 U4
5 0 0 1 0 1
t) 0 0 1 1 0
1 0 0 1 1 1

0 1 0 0 0 (iF
0 1 0 0 1 09
0 1 0 1 0 OA

11 1 0 0 0 1 i i
1, 1 0 0 i 0 1.
13 1 0 1) 1 1 13
14 0 1 0 C)
1’ 1 0 1 I)
1’ 1 1) 1 1 0
1/ 1 (1 1 1 1 11

1 0 C! 0
l1~ 1 1 0 0 1
?0 1 0 i U

• - - . tt’r ‘ I ‘ ,
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‘ a b l e  4 .~ .8-4 . ~~C II ~ at,i

1 ~)A~)( II
h ! ! ‘ - r

1 0 0 0 0 U (1 I- ’
1 1) () 0 (1 I.’ I
1 0 0 0 0 1 0

(1 1 1
1 0 0 1) 1 0 (I p

(~ (1 () I

~ 
U (I (I (

I C) ; Ii 1 1 1
I ‘ I  (1 (~
I (I I I  f i  1

I! ‘ (I

( 1  1 1
f~ 

(I 1 1
0 (1 1 1 1

1 0 0 1 1 I
1 C - P 1 1
1 0 0 1- 0 0
I C) I i~ P I) I
I C) (1 ~

- •

1 P 1 0 1 1
1 0 1 0 I fl
I 0 1 fl 1
1 C 1 0 2 1 P

C : 1 1
I 1 I 1 1 a

1 U I U U I
1 1) 1 1 P I (~
I 1’ 1 1 0 1 1
I 0 1 1 1 P (1

1 1’ 1 1 1 (1 I
I 0 I I 1 (1
1 1 1 1  I 1 1  I —

O I 0 0 0 (1 0
C’ I 0 U 0 0 1
~~~ 1 0 0 0 I  0

F
I

1
1
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Tabir 4 .1 .8-4 . ASC II Data Forma t (o ’ t~~)

‘-A Il ‘.A-
I 

~~~!! at ‘ a~~

(~ 1 (1 1 0 1 1
0 1 0 0 1 0 0

t 0 1 0 0 1 0 1
1 0 1 fl 0 1 I 0 ‘

O 1 0 1’ I 1 1
0 1 0 1 (‘ 0

I 0 1 f’ 1 P P 1
C I C) I (I 1 0
0 1 0 : ~) 1 1 -

I n 1 fl 1 1 0
P 1 0 1 I 0 1 I —

O 1 0 1 1 1 0
I 0 1 0 ~~~~~~~~~1 1

1 
0 1 1 0 0 p C)
0 1 1 0 0 0 1
0 1 1 0 C! 1 0

1 0 1 1 0 0 2 1  3
0 1 1 P 1 0 0 4
0 1 1 0 1 0 1 -

I (1 1 1 0 1 1 0

1 0 1 1 C 1 -
C 1 1 1 0 0 1)
1’ 1 1 1 1’ (~) II 0

0 1 1 1  I I
ci : I I C) 1’ •

1 0 1 1 1 1 (1 1

I 0 I 1 1 1 0
0 1 1 1 1 1 1

I P fl 1 0 1 0
C) P 1 1 1 1 SI

I 
-

I
I
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As i m p l i e d  by the data formats shown in the I igur e

t i a nsfer s are accom plo i shed ia  16 bit c l o c k  interval s

These c l o c k i n g  intervals are ~ ttazned b y ex ecutin g CRU

operations in the EIOM ’s CRU space

When a user depresses the RAD ke y on the CDU a special

s e r i a l  mode is i n v o k e d  w h i c h  involves both the CDU and the

Rec eiver/Processor Thi s s p e c i a l  format is a s s o c i a ted with

D i g i t a l  M e s sage De v i c e  Communication As shown in F i g u r e

4 1 B—Jc the m e s s a g e  is c o m p o s e d  of a p r e a m b l e ,

s y n c h r o n i z a t i o n  segme nt and thre , data b l o c k s

Th, p r e a m b l e  s hall be 300 bits of alternating ones and

zeros

The t y r i c h r o n i z a t i o n  segment c o n s i s t s  of four 8--bit

ASC II c h a r a c t e r s .  7 b i t s  of data f r o m  T a b l e  4 1 I J — 4  and 1

b i t  of odd p a r i t y pe r character The f i r s t  three characters

sh a l l  be ASCII SYN char acte rs w h i l e  th . fourth is an ASC I. !

SI character These s y n c h r o n i z a t i o n  characters are separate

and d i s t i n c t  from the s u c c e e d i n g  d a t a  b l o c k s  T h e y  are

transmitted in serial form. HSR to LS 13 i m m e d i a t e l y  after the

pr eamb I e

A data b l o c k  i s  c o m p o s e d  o f  s i x t e e n  twelve b i t

c haracters arranged v e r t i c a l l y as shown in Figu re 4 1 8 — 4

Eac h of the twelv, b i t  cha racters is an ASCI I character

(7—bits ) followe d by five (5) odd parity bits formed as

fol  l ows

A ) P1 is odd parit y on t h e 7 data b i t s

PAQE 243
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B) P2 is odd parit y on b i t s  1. 3. 5. 7

C )  P3 is odd parity on bits 2. 3. 6. 7

D) P4 i s  odd parit y on bits 4. 5. 6. 7

I E) PS is odd parity on bits 7 data b i t s  and P thru P4

I The c h a r a c t e r  produced is blb2b3b4bSbbb7PlP2P3P4PS where bi

I 
th— u b7 is the ASC II character with b7 the MSB a n d bi t h e

L SB W h en t h e d a t a  b l o c k s are transmitt ed transmission

I w i l l  proceed in a left to r i g h t  f a s h i o n  starting at the top

of the b l o c k  as shown in F i g u r e  4 1 8-4. such that all bi

I b i ts for all s i x t e e n  characters are transmitted first

followed by a ll b2 bi t s  for a l l  s i i t e e n  c h a r a c t e r s  and

p roceeding in this manner through the PS parity bits

The three data b l o c k s  sha l l c ontain data as shown in

the f o ll o wi n g  l i s t

I
PAQE 244
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Bloc k

Character Block I Bloc k II Block III

Number

I Display Character 1-. D i s p l a y Character 11 0

2 0’ “ 12 0

3 T 13 0

4 I .. 14 0

S D 15 0

6 B 16 0

7 T - 17 0

( 8 Display Characte r •~ 
.‘ 18 0

9 “ 3 “ 19 0

10 4 [i sp lay C h a r a c t e r  20 0

1 1 ,. .‘ 5 0 0

1..’ 1 
~ - 0 0

I] -
, 0 EOT

14 - H 0 EOT

15 0 EOT

16 10 0 EOT

f •Display characte r 1 shall be c o n t r o l l e d  by the u ser to

represe nt the destination address of the message or the

ide ntifier code for the rece ipent of the message

‘Block c haracters 2—7 of Block I s h a l l  alway s be as

sh own while the last •our characters of Blo ck III sh a l l

always be EDT ASCII c h a r a c t e rs

The R e c e i v e r /Processor via c ommands p r e v i o u s l y  issued

PAQE 24S
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1
I to the s y s t e m  w i l l  c l o c k  the form atted data from the (DL)

• 
with one of three b i t  r i t e s  These r a t e s  i n clude 300. 600.

ari d 1200 bits per second

I

I
I
I 
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4 1 8 2 4 RADIO/DMD 1NTERFAC~

The RADIO/DMD In t e r f a c e  is the means by which the

Receiver /Processor c o m m u n i c a t e s  wit h the D i g i t a l  Message

De v i c e  DMD The i n t e r f a c e  include s an analog s i g n a l  which

i s c ompatible with the DM0 The analog signal is Frequency

I S h i f t  ~ ey e d (FSI~) based on the information being extracted

from the CDL) when the RAD key is depressed Thus the

Receiver/Processor c l o c k s  the s e r i a l  d a t a  from the CDL) The

I 

d a t a  is routed to the EIUM wh i c h  converts the information to

FSM data and b u f f e r e d  to the Radio/Handovev connector The

I FS~. tones are 1200 and 2400 Hz while the b i t  rate is 300.

600. and  1200 baud I h i s  interface port ca n a l s o  be

I connect ed to a radio (PRC-25 or 77) The tone would b e

I 
routed to the connector on the  r a d i o  n o r m a l l y  reserved for

the handset T h i s  f e a t u r e  makes tr ansmission of messages to

I remote 0110 ’s p o s s i b l e

I 4 1 8 2 5 VEHICULE INSTALLATION ~~I1 INTERFAC E

I 
The V e h i c u l e  I n s t a l l a t i o n  K i t  (V IK ) Interface is

composed of a powe r i - t e r f a e and an RF interface The

I power i n t e r f a c e  m e r e l y co nsi sts of a 12 volt tap from t h e

out put of the R e c e i v e r / P r o c e s s o r  internal power s u p p l y  which

I is made a v a i l a b l e  at the Antenna Power connector on the top

cover of the Receiver /Processor Thi s connector is u t i l i z e d

to provide power to the VIK Pre—Am p li fier section w h i l e  the

I u nit is in a v e h i c u l a r  mode The RF i n t e r f a c e  is for the
I

ampl I fied L1/L2 s i g n a l s  from the VIK Pre—Amp l if ie r The RF

PAQE 248
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signal is injected in to tha.’ V e h i c u l e  Antenna IJNC t onnector

on the top cover of the Receiver /Processor the signal for

t his input is characterized below

Bandwidth + 25 MHz around Li and L2

I Power Level —88 dEm (C/A) nominal

VSWR 1 5 1

I 4 i e 2 6 MVUE INSTRUPIE:NTATI0N SYSTEM INTERFACE

i 

The MVUE Instrumentat ion System (MIS) Interface is

s u b d i v i d e d  i n t o  t w o  maj o r  areas These two areas

I i n c l u d e  the M a i n t e n a n c e  Panel i n t e r f a c e  and the MiS

inte r f a c e  The M a i n t e n a n c e  Panel i n t e r f a c e  is those

signals required to interv en e with processor

ex e c u t i o n  Detail d e s c r i p t i o n s  of each signal is

p r o - I de d  in the module d e s c r i p t i o n s  for the M IS1M

I p a r a g r a p h  6 3 3 The MIS interface is s u b d i v i d e d  into

t e s t  point mon ito r in g .  MIS record ing. and CDU

I
I 

Test point monitoring involve ; c a l l i n g  out various

analog test poi nts and real time a v a i l a b i l i t y of other

I k ey system s i g n a l s  T a b l e  4 1 8—7 5how~ those signals

that are a v a i l a b l e  fo r r e a l  t i m e  monitor w h i l e  Table

I 4 1 8—8 l i s t s  those s i g n a l s  that are a v a i l a b l e  f o r

monitor o n a m u l t i p l e x e r  This t a b l e  also l i s t s  the

I a d d r e s s e s  a s s o c i a t e d  ia.i th the v a r i o u s  s i g n a l s  These

I 

s i g n a l s  can be s e l e c t e d  for real time monitor as well

as converted to d i g i t a l  information b y an A/D converter

PAQE 249
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with in the Receiver /Processo r
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I
I
I
I
I
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I lA fli t 4 1  8-7

I
MIS REAL TIME TEST POINTS

I

ITEM NO DESCRIPTION

1 E R R O R  A

2 ERROR [~

3 ‘~1 AGO

4 5 MS TIME MARK

20 MS TIME MARK

6 10 MHZ (MASTER OSCILLATOR )

7 20 23 MHZ (FREG SYNTH L02)

I
I
I PAQF 2S1

I
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TABLE 4 1 U—H

MULTIPLEXER SELECTABLE ANALOG TEST POINTS

ITEM D1’~~N I P T  ION ADDRESS (HE X )*

I ~5VDC 00
2 -‘-12VDC 01
3 ‘-I5VDC 02
4 -~~VDC 03
S -I2VDC 04
6 1 5VDC 05
7 —ISVDC 06
8 5 07
9 1ST AGC 08
10 AGC 2A 09
1 1 M UX DATA OA
12 MUi COR 1 013
13 MUX COR.~ oc
14 V 1 ( I I N  OD
1 VCXO TUNE OE

Lt)I)P IN OF
17 AGC 28 10
lB CODE 11
19 E R R O R  A 12
20 ERR 11E~ ii

GNI) 14
22 SPARE 1 15
23 SPARE 2 1 6
24 SPARE 3 17
25 X1AGO 18
26 MEMPC 19
27 C/A EPOCH IA
28 D~,T A CLOC K 18
29 PROC CLOCK (2 ~5 MH ,’ )  1C

‘THIS ADOR E. ‘
~~~~ - IS INJECTED INTO THE RECE ! E~~/PROCESS0R ON 5

LOGIC SIGNALS (ADDR 10-14 WHERE THE ADDR 14 SIGNAL IN THE L513

I
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The MI~~ v - e c o r d i n g  int ~~’ f.. in 1ud ~~ a two

output onl~ interface lh~ int erfd t ~ i gv ~a l s i , lud e the

log i c  sig nals shown b e low

A) DHO DATA — The ser ial data line u t i l i z e d  to send data from

t he R ece i~-eri Proc ~~ssor to any i n s t r u m e n t a t i o n

stor .~ge me d i u m  Si gnal is sourced b y t h e

R e c e i v e r / Ir o c e s s o r

B ) DHO CU’- — 
~he C l o c k  a ssociated u i t h  sending d a t a  on the

DHO DATA li n e  S i g n a l  i 1 . S O O T  ed b y the

The d a t a  f o r m at  u t i l iz e d  for MIS int ,r fa e is shown in

F i g u r e  4 1 H 5 Da~~.i transfe r s are a c c o m p l i s h e d  ia I~ b i t

c l o c k  in te’~~a ls The se c l o c k  in ’ e r v a l s  are a t t a i n e d  by

e x e c u t i n g  CPU operations in the ElOll s CPU space

Oper a ti ~~nal software u t i l i z e s  t h i s  i n t e r + a c e  p o r t  t o

send out key system -aram eter s n o r m a l l y  st ored in s c r a t c h pad

m em ory ( PA M I The data ..-. .i i l ab le  via t h i s  port is de fin ed

in th . In P l a n t  ‘est p o rt  ion of the f i n a l  report

The CDL) i n t e r f a c e  f ur m at ,  ha . - . alr e ad y been d i scussed

ir sect i on 4 I 8 2 1 T h e  s i g n a l ;  a s sociated wit l~ t h e CDU

are me re l~ r o u t e d  t h ro u g h  t h i s  p or t  s u c h  t h a t  ar

in st rumentation s y s t e m  c o u l d  be used to monitor

transmissions between the CDI) and the R .c e i v . r / P r o c e s s o r  or

it could be us ed to e m u l a t e s  a CDI) b y c ommuni c ating w i t h  the

f Rece iver /Processor u t i l i z i n g  the same in t e r f a c e  formats

PAGE 253
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MIS INTERFACE WORD FORMA T

FIGURE 4 1 8-5
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4 1 9 RECEIVER/PROCESSOR PERFORMANC E C HARA CTER ISIICS

The performance c h a r a c t e r i s t i c s  of the

R e c e i v e r / P r o c e s s o r  are d i s c u s s e d  in  t h e  fo l l o w i n g

p a r a g r a p h s

4 1 9 1 VERNIER MEASUREMENT A tJRAC ’

Assum e Code flop s and a-.- e r a g e  o+ l~ mea surement s .

C/No — 35 dB . i n p u t  s i g n a l  level — 133 dBm . -163 dUW

f f u l l  d y n a m i c s  c o n d i t i o f l

C — A Code

A~~~~~~~~~~~J )  .~.ç ( _ 
~r~~~~~~~I~J

0 9 m et e r  ‘.~ meter

‘Cod. fl op r e f v r ~ t o  a l t e r n a t i n g  NBM’ s t o  average o u t  any

ele tr r~ic d e l a y s  a s s o c i a l e d  w i t h  each NRN pa th

4 1 ~ 2 LI /L2  DI F ( RENT IA L DEl L A x

Di f’eren ti .i l d e i s b pt w.e n 1 .~~-d 1, fr .q Ien ies shall

x -o t d r i f t  more t h an

( 1 )  
~ 3 5 ‘~ S over 10 m i n u t e  p e r i o d  a f t e r

o s c i l l a t o -  warm-up

4 1 9 3 BIT ERROR RATE

- ç
Undetected b i t  error rate sha l l  be les s than 5 . 10

or P code at C/No — 35 dB and input — — 163 dBw or C/A code

•t C/No • 3S dB and input -163 d8w
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I
4 1 9 4 PLL TRACK CHARACTERISTICS

! Phase lock ioo p — s h a l l  track with mean time to s1 i p  10

I minut e s under t E e  f o l l o w i n g  c o n d i t i o n

Input s i g n a l  • 163 dI3W P. - —163 dI3 W C/A

C/No — 35 dH P. a 3’~ dl) C/A

Off set c o d e  b e i n g  t r a c k e d  31 c h i p

Fre q uenc y i n p u t  d y n a m i c s  at ~ o

L o c k  R ang e  • 6f3 2 Hz

A c c e l e r a t i o n  0 3414 Hz/sec

4 1 9 5 ru  AC (I~~N ITION CHARAC ?IfQISTICS

f r e q u e n c y  lock l o ’p  —- s h a l l  a c q u i r e  + requ.nc ij lock

w i t h i n  ~‘5 • 005 sec when su~T j e c t e d  to a step frequency

response respons. of 100 Hz u n d e r  the f o l l v i n g  c o n di t i o n~~

Inpu s t g n ..t l e v e l  s I ~~
- dflm ~~.

e -163 dBW C/A

req e~’c~ e r ro r  1 2k ’ H7 at ~~~~~~ de t e c t o r

Offset cod . b e i n g  a q u i r e d  ii c n i p

Fr equ en cy input 1- Jn ami(s at ~ o

Lock range $ 68 . Hz

A c c e l e r a t i o n  — • 0 34 14 H:/~~er

I
I
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I 4 1 9 6 FLL TRACy CHARACTERISTICS

Frequenc y loc k —— shall maintain wea k hold on under the

follow in g cond itions

Inp ut signal — —163 dBU P — ~ I&3 dBW C/A

C/No — ~35 dB P. - 35 dB C/A

Off set c o d e  b e i n g  tra ked 12 c h i p

I Frequency input dyn am i ~ d t  I o

l o c k  R a n g e  — + 613 .‘ ‘I:

A c c e l e r a t i o n  -
, 2 7 H z / s e c

4 1 9 7 RANGE MEASUREMENT AC- URAC

Pseud o  Ra n g e  Ac curac es (1

P 
~~- 4 1 e

Phjs. loc k ioop - 05 07 n•

Gu ant t z ing  1 ~~ I 66 ns

Ve x - T i e r  0 ‘-i meter 9 meter

c or  r e~ t io n

I.

4 1 9 B PSEUDO RANGE RATE ACCURACIES ~ 1-

I
I

T o t a l  A c c ur a c y 0 .~ rn /s 0 2 rn/s

I For spe c i f i e d  signal l e v e l s

I
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4 1 9 9 VCXO CALIBRATION ACCURAC Y

The VCXO c i r c u i t r y  and c - n t r o l  is capable of being

ca librat ed to an RMS accu racy of )5 Hz re f e i - e n c . d  to the 154

Fo f r e q u enc y for any desired settin g over the range of Fo ~

69 Hz

I
4 1 9 10 NOISE F I G U R E

~ 5 5 dB ma ’

I
4 1 10 MECHANICAL CHARACTF RISTRICS

The M e c h a n i c a l  C x - f i g u r a t i o n s  w h i c h  are av.’i l a b l e

i n c l u d e  the RAM R p c ,i v p r ’Processor and the PROM

R e c e z - v . r f r o c - -essor shown in r ig u re s  4 3 30- 1 ari d 4 1 10-2

r e s p e c t i v e l y

The PAM R eceiver P r o c e s s o r  a R~~v i o m  A c c e s ~. M e m o r y  (RAM )

c n r - f i g u r a t i o n  w h i c h  is e l e c t r o n i c a l l y  c o n f i g u r a t e d  with a

Data Memory Module (DMM ) cac n ~ t - i c h  c o n t ~~i r- s RAM type memory

hardware to store th . o p e r a t i o n a l  program ~he memor y.

the refore. is of a v o l a t i l e  nature impl y i n g  th . system

cannot be powered t o  t hp  ~ ff state 4 i it h r i ut  l o si n g  stored

information T h i s  p a r t i c u l a r  c o n f i g u r a t  i n  is also equipped

w ith two 0MM Bu ffer Board s to d r i v e  the a d d i t i o n a l  bus load

r e p r e s e n t e d  by the two hal - - es of the [)MM case IPi e final

s i g n i f i c a nt feature of the RAM c o n f ig u r a t i on  is that i t  can

only b e p o w e r e d  from ~~n ext ernal power source Th~ top

co ver s e l e c t  s w i t c h .  t h e r e f o r e ,  when switching between

e r t e r n a l  and tn t e r n a l  only s e l e c t s  an RE source and does not
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control power source

The PROM Receiver/Processor i s a Programmable Read Only

Memory configu ration The operational pro gram is stored in

r ead o n l y memory and is not lost in a power down situat ion

This c o n f i g u r a t i o n  can be c o r t i g u r a t e d  with a batter y p ack

to power the unit for short p e r i o d s  of time The unit can

thus be power ed in t r e  i n t e r n a l  as w e l l  as  ex ternal mode

T h e  un it does have one s i g n i f i c a n t  m e c h a n i c a l  variation from

the RAM c o n f i r j ur ~~~t i o r  T h i s  fr.itu~~e is a s sociated wit h  the

master o s c i l l a t o r  The osc i I L a t o ’  i’- the PROM configuration

is mounted to one si d e  ~al 1 of t h e  h o i s i n g  t o  allo w for

m a x i m u m  heat trans fe r f r o m  $ h p  o s c i l l a t o ’  m o d u l e  The RAM

c o n f i g u r a t i o n  h a s  its o s c i l l a t o r  m o d - i c  m o u n t e d  on a s p ec i a l

b r a c k e t  that is wel ded betwe . t he h o u s i n g  w alls and toward

the center o f  the ~- o u ci ng .  ‘ ab l e s  4 1 10- 1 and .~ represen t

th e  curre r - t and po~~e~ s p e c i f i c a t i o n s  f o r  each module shown

in I i g ure 4 1 1 0- 1  m l  .‘ T h p  T o p  C o V e r  View of the

Re ( ei vp r /  P’ oce ’.sor i’. shOwr i’ I i g u r e  4 1 I~ 4

I

PAGE 259

I

- - —----—  -~~~~~~-- -~~ --- - —- -



- - - -~~~~~~

I I I’.’ , I I  - r ~
-- -- - - — , 

- 

- -

~

‘ I ‘‘tn ~~~ ~ -

;, 
~
‘ri

~
:
~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
— — .

.
- 

‘ 
—
~ ~I — ~~ 
‘

~ 

c

— I . 
— :

I 
~~~~~~ ~

‘
~, .::“ ~~~~~~ -

I 

j~~~~~~~~~
’ 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~
1 I i  I •~~~~~ - - - ~ ~~~~~~~~~~~~~ . . — .

t 1 ’  7 ’ ’.

I 
‘I ~ ,.

~ ~~~~~~~~ 
t ;-:

- ~~ —. , “I.

- . .tI, , 
~~ - 1 , 4 1  1 .14  - ,

I I
I —

I • 
U t.J

- 1~ 
‘- ‘  -_ —

i ~I 

- 

4 - 

-

‘ II I  -‘ r -  I

— 

_ _ _ _  _

‘~~ 1 ‘~~ , nut I iii - — —

____

.‘““

~~~~~~

‘ ‘

~~ 

~~~~~~~~~~~~~~~~~~~ 
.i~I 

‘-~~~~ ‘~

I — 

III 
_ _  

I
_ _ _

I
Fiqur~ 4 .1.1 - 1 .  ~f.u Pec e l v p r/ r r r c o c s ’ , -

PAC.~ 
‘
~

I

___________ ___________ ____________________L ~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~ ~~~~~ ~~~~~~~~~~~~ .



-~~~~~~~~ -- - - -- ‘--- -- 

I
I

n n
I 

L. ~~~~~~~- 

I’~~I AM~’ 
~~~~~~ 
} (III’ L I ~ I I~~1~~ I~ 

-

I I  I I 
~~~~~ — I — —

• 
~ 

~ 

‘ 
. I - - — I

- 
-
~ - - -

~~~~~~~ 
~~~- - 1

I’ “. 1 k  .~ ‘ i ’ I  • ‘-. — I

4 -

I 

~ L1”_~ 
‘
~~L~

T
~~~~~~

~~
j

~~~
_

~
—-

_=J _~_ f l  
_ _ _

-

01 - h A u l If

~~~~~~ L A~~~~~~~~~~~~~~~~~~~~~~ L H

I
Hqurr~ 4 ,1 .10-2. PRO” ~n e i vnr r,

~~~ r ’ ,

I
I 

- f l

—— -- ~~~-— —- -- —-- -—- -‘ _ _



F ------ --

~~~~~~

----- -- ---

~~~

-- - - —  -- - 

~

-- . - -
‘

4)

C’,

I -‘ -~~ ,fI

C) ) r~
P-.

‘ft

C.) a LL) -~~~

p

I .14

ci a ,z~ -:~ ~~ C) Q .4-I ° r-~,.g’x ~~~ “,~ . -
,~j  I - -

I 
--- - _ _ _ _ _

ci a a a ci a ci a ci ci ci ci ci c a a C’ C)
U . . 4  o - 4  ‘ - . - - - - - ~ 

ç r... ~~I, .C — L ~~~ ~~~ 
4 - -4 4 - -~~ -

LI . .‘ ‘

I 
—4. .~ —4 -

I 5,4 _ _ _  - _ _ _ _ _  _ _ _- - -

I L
~ a a a a ci a C) C) C) ~ a a a C

4.- . ‘ 4 - .
4 ’  .- - c~ c i- - C,.-) C) -

0.I , • -, -P •t $-t •~ -? ~~ -!

I I~~~~~~_ — —-—- --——- -—- -- - —- - - - ----______ 

- - -
- a - 

a a ‘-~~ a ci .-‘cz a a c.- c_ c. a ci ci ci a C -

I ,
~~

- — a -~ Itt
I a - - - ,- —‘~ • -.~~~ - .  - • • • - -

~~ 
4
— - -

I I. - - 4 4-. — - I- - - r~ - - - - —• •
U P —  _ _ _  - 4 .-- - -

0.4
- - - a ci a ( 1  a a r -

I 
T1~ - - -  ~~~

_ _  

I 

ui
.
I_ 

~~~~~~ • .~ .~~ ~~~I ~~~c L . ~~ 7 Q,f 3 . , ’  3 ~
c, 

~I “ t.- t. .4 4) ‘V • ‘ I - ~ ~ J 3. ) • 
- 3. -- - :~~~ c~ a ~ o o

—- ~~ I’. a . c. r~ - ~~~
- 1— ~—

I
PAGE 262

-d

—
_-

~ 

---_- - -- - -rn - - - —  _ _  _ _ _ _ _ _ _ _ _



- -—  - --- .--- ~~~~ -- - - - -- -- -—--- _~~----- ----- -- - ----4. -- - -—- —

~~

.
-- -- 

I

C)
.4.)

-~~ 4.—. -~~
• “-4

c c
N.- ‘ -

‘4—)

- - - - - —4.---- - - --

I
4-’

a a -

I -
4.
-. •

I .
• 

_ _ _

5,

I 
C /~~ 9L L  C C

a. • - - .— a ‘--

L 5,
o
“I .~ —  - -- ______-—-— -— — - - - - - - - —

I, U c~’ ci ci ci a a a a C’ C ci
o - - . • - •  . . . . -

f4) r~t 
~~ 

— -~~~~~~~~~~. -  0.j ‘7a, 4. - ‘7 .44  -. - -I -4  - - - - r’)
¼) ‘

• t-

• 5, - ____ - - —I ¼
4, . C) C’ C) C) 0 ci C)

c — ’ - 
—

I ‘
~~ 

‘ ‘7

I ~~~ I _ - - - _ _ _- - — -- — --- --- - - --

I.- ’
• ci — ci c i a  a a a ci a C C) a ci c-

• C - t’ . • • • -  • . -

• a ~~~~~~~~~~~~~~~~~~~~~~~~ ~~- -- -, S ~.

I • 4 1’.~) 0) - - ._. - . ,- I) P . -~~ :1 I~~•
3. ¼ - ‘  -. . 0 4 ’ )  -

¼) — —-- - - - _ _ _

04
• — ci ci a a a ~ ,

I , ‘ .  -
C) 3 

~~~ - 1  ‘ - - -.

~- . ~ ‘ 0-4~~~’ 
- . -

I ‘7
• 14) - — (‘4

5, - . - -4— — — c_ -
.0 C I

I — 

-

‘f.) ¼ ¼ •~ 
g 

~~ ‘-‘LI 5.& r.- 14 3 3 3 ‘ ‘ 3 .  a • . -CL -

• - .~~ — - Li.. L-~ 0) ~~~ ¼.) C. - C - (. C - - 3 t-) •

PAGE 263

-Il
- rn---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —---4.- -- - - —-—— - - - --4.-- -- — .- —- - - - ----



“

‘ - 4 . -- - — - —— ---- —~~~-- - - - -- —~~~~--—-- --- --~~~~~~~~ ---~~~ - - ---

~~~~~~

4 2 CONTROl.- DISPLAY UNIT SECTION

The Control Displa y Unit (CIX)) functions as the primary

operator i n t e r f a c e  for co ntrol and monitor of the system

The CDt) is u t i l i z e d  to d i s p l a y  pertinent system in formation

via two rows of 10 al phanumeric d i s p l a y s  Refer to Figure

4 2—1 The keyboard is  a 6 x 4 three level a lp h anume Tl c

keyboard The processor e s i d e n t  w i t h i n  the CDt) (IMS 1 DOI)

I in t e r f a c e s  with the DPU The CDt) processor accepts d i s p l a y

c ommands from the DPU and proceeds t o  d i s p l a y  the

I informatio n as re qui red The CDU p~~ocess~~i also monitors

the keyboard f o r  u se r  i n p u t s  ( d e p e s s e d  keys ) When a key

I is r e g i s t e t - e d  the processor forms a code f o r  the key and

sends t he message t o  t h e  OPt) The CDt) also performs one

other key task T h i s  task i~~~olves rc~~ormat ing t he CDt)

d i s p l a y  information to be c o m p a t a b l e  wit h a Di gi t a l  M e s s a g e

Device (DM0) The transmiss i on of t r e ref orm at e d data is

I e x t r a c t e d  ( c l o c k e d  out ) from the CDU by the

R, .iy,r ’Frocp ssor section T h e  dat a is routed to the EIOM

w i t h i n  the Re eive r/ }’ roce;sor Section w h i c h  converts the

d a t a  to  a F r e q u e n c y  Sh i f t  I~eyed tone for output to either a

PRC—25 or ~~7 r a d i i  or d i r e c t l y to  a DM0

I
I
I
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4 3 VI:I (ICLF IN S I AL L A I L O N  k t I l

The V e h i c l e  I n s t a l l a t i o n  ~~i t  (VU’..) i~~ c o m p o s e d  o f  t h a t

eq uipment required to mount the MVUE Rece i- .er/Processor in a

vehicula r mode Figure 2 1—2 illustrates that equipm ent

r e q u i r e d  for this mode of operation The VI)~ incl udes a

I Pre—Amp li fier Unit . a Power Filt e r  Unit, and M e c h a n i c a l

Mounting Tra y

4 3 1 VIlk PRE—AMPLIFIER

The VI$~ P r e - A m p l i f i e r  F u n c t i o n a l l s .j shown in Figure

4 3—I is s i m i l a r  t o  the Rf P re - C o t i d i t i o n i n g  h a r d w a r e

d e s c r i b e d  in set tion s 4 1 1 and 6 1 1 T h e  s i m i l a r i t i e s  ,re - :

w i t h the resident D i p l e i e r / (  il te ,- . L imi t e r . and

Pre— Ampl ifie r gain The VIPI Pr. A m p  h~~s o n l y one RF path

wPt i~~e the RF Pre— C ondit i on ing u n i t  has t~~i T h i s  im p l i e s

that the V I~ Pr .—A m p lif ie r p o s s e s s e s  no s e l e c t  control The

Vlbk Pre-Amp un it contains a V o l t a g e  Regulator (DC to DC)

whic h  regulates 18 VDC from the Receiver/Processor unit to

12 VDC to power the p r e - a m p l i f i e r

j 4 3 2 VU’.. POWER FILTER

The V 1*~ Powe r F i l t e r i s  me r el ,.i an EPI I d e v i c e d e s i g n e d

( to both prevent EPI I s i g n a l s  f r o m  enter ing the MVUE system

and pre vent s i g n a l s  s o u r c e d b y  the MV I.JE s y s t e m  from enter ing

I ot her a d j a c e n t  sy stems (if any )  The Power Filter is

I d e s i g n e d  to be connected in s e r i e s  wit h any e s t e r n a l  power

source that a user may de ci d e  to connect to the PIVUE
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sy s t e m  F i gure 4 3—2 s h ow s  the insertion loss

c h a r a c t e r i s t i c s  of the power filter
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4 3 3 VIM MECHANICAL MOUNTING TRAY

The VIM. Mec h a n i c a l  M ounting Tray is merel y a means to

mount the R e c e iv e r /P r o c e s so r on a surfac , that is shock

I i solated from the typical vehicular environment the unit

w i l l  fu nction in The R e c e i v e r / P r o c e s s o r  is d e s i g n e d  to

mount on the tray less the B a t t e r y  Pack The o n l y  mode of

o p e r a t i o n  is in the E x t e r n a l  mode w i t h  an e i t .rna l power

sou r ce  p r o v i d i n g  p o w e r

I
1

I

I
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4 4 PIVUE ANTENNA

The PIVUE Antenna is the i n t e r f a c e  between t he

electro—magn etic waves that origi nate at the s a t e l l i t e s  and

t he transmiss ion l i n e  s i g n a l  that is direct ed to the

R e c e iv e r / P r o c e s s o r or to the VIM Pre— A m p l i f i e r  when in a

ve h i c u l a r  mode The PIVUE Antenna is c omposed of a

co mb ination of p a s s i v e  e l e m e n t s  that are r e q u i r e d  to direct

t he r a d i o  f r e q u e n c y  s a t i l l i t e  t r a n sm i s s i o n s  onto a c o a u t a l

t ransmission med tu rn

I 
4 4 1 PIVUE ANTENNA ELECTRICAL CHARACTERISTICS

The PIVUE Antenna is f u n c t i o n a l l y haracter ized ix’

I Figure 4 4 1 and m e c h a n i c a l l y i l l u s t r a t e d  in Figure 4 4 2

T he un it is subdivided into an LI and an L..~ r e c e p t o r  element

I e n c l o s e d  in a rado .e for e n v i r o n m e n t a l  p r o t e c t i o n  Each

e l e ment has a R i g h t  Hard C i r c u l a r  P o l a r i t e d  (RP4CP) far field

p a t t e r n  The c o v e r a g e  for each element is om n i — d i r e c t i o n a l

I in the u p p e r  h e m i s p h e r e  The l ower hemisp he re response a s

m i n i m i z e d  to r e d u c e  m u l t i p a t h  s e n s i t i v i t y  T he gain of the

I antennas is s u c h  that at least 0 dlic. (Gain r e f e r e n c e d  to a

R i g ht—Hand C i r c u l a r  P o l a r i z e d  I sotropic Radiator ) for

elevatio n angles above 10 d e g r e e s  where the horizon is

I d e s c r i b e d  b y a 0 d e g r e e  e l e v a t i o n  a n g l e  The gain

sp e c i f i c a t i o n  ar, achieved over bandwidth of • 10 P*ij

I centered at LI and L2 (l~~79 42 MHz and 1227 6 MHZ

respect i v e l y )

I

I
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4 4 2 PIVUE ANTENNA MECHANICAL C HARAC TER 1ST IC S

The m e c h a n i c a l  b o r e s i g h t s  of the antenna is d i r e c t e d  toward

zenit h an an o p e r a t i o n a l  e n v i r o n m e n t  Th , zenith is 0

deg ree d e c l i n a t i o n  or 90 de g r e e s  e l e v a t i o n  The e i t e n s i o n

I that elevates the antenna (Antenna Support Assy ) p r o v i d e s

for zenit h orientation when the host v e h i c l e  is on level

terrain an d zenith orientation when the Manpack

co nfiguratio n is at 0 degrees or 90 declinat i o n s

I
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I
4 5 BATTERV PAC$

The Batter y Pac k is the power source for the system

while in t he M np ack con f igurat i on. The unit is des igned to

•cc.pt a P4lcol Cadm ium (98590 ) or L i thium (BB5590 ) type

battery.

The batter y life of the Battery Pac k varies f rom a

minimu , of 1 75 h i s for a N i cad in a continous on mode to a

7 hr life for a Li t h i u m  in the same mode As shown In

F i gu re 4 I 10—? the Battery Pac k is designed to snap on to

the lower s e c ti o n  of the PROM R e ce iv er / Processor unit when

Nanpac k ope ration is required Refer to paragraph 6. 3 S fo r

a d e t a i l e d  description of the Battery Pack e l e c t r o n i c s  and

i nterfaces
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